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Module No: 



Appfox. Time: 
33 hours 



Module Title: 

Basic Laboratory Skills 



Submodule Title s 

L General Skills 

2, Chemistry Skills 

3. Microbiology Skills 



Objectives: , ^ ' ^. * ' . i 

Upon completion of this module, the participant should be able tq: 

Perform and understand basic laboratory ski)^ls necessary as, backgro^Uhd 
information for miorobiological or chemi cal' analysis of water and wastewater 
samples. ' ; * 



Instructional Aids: 



Handouts 
Tran^parancies 

Equipment used in laboratory.,Knactice 



Instructional Approach: 

Lecture 
Discussion 
Demonstration 
Laboratory practice 



References: 



!5ee individual topics 



Class Assignn^ents: 



Read handouts . ' 

Participate in laboratory practice session? 

..■ 4 ■ 



T 
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Module No 



Topic: 
SUMMARY 



Instructor Notes: 



1. 



X 



Basic Laboratory Skills 
General Skills 

Safety ^ 
■ Notebooks & Bench Sheets 
Labeling 
Sampling 

ID of lab equipment & glassware 
^ Chemical names and formulas - 
Matter (solids) 
Solutions 

Dilution techniques 
Incubators 
Balances . * 

Chemistry Skills 

Analytical analysis ^ 
Volumetric glasSware ' 
Standardization of reagents 
Col ori metric analysis/-—^ 
Standard curves ' 
Lab supplies & 'chemicals 
Standard References 

Microbiology Skills 

Laboratory cleanliness 
Equipment packaging 
Media & reagent preparation^ 
SteHlization 

Mi cros copes . ' 

Aseptic technique 
Microbiological sample collectibn 
Microbiological dilution techhi :iues 

Instructor must provide all necBSsary equipment . 
Necessary information or what equipment needed i;i 



Instructor Outitjne: ' 



Discuss, demonstrate aM have student 
participate in laborator^^practiqe ^and 
sessions concerning basic \aborat^ry 
skills. 



T laboratory practice sessions, 
ihandout materials- 







Pa4e 3 of 168 , 


Module No: 


ftodule mie: 






Basic Laboratory Skills 


fl 

■ T ■ ■ , , ^■ 




Submodule Title: 


' ■ ■ \ 

s , 


Approx. Time: 


General Skills ' 

« 


' ' ''t ' * * 




Topic: 




1 hour 


Safety 





V. 



Objectives: . • / , 

Upon completion •of this module, the participant should- be able to: 
1 



2. 
3. 
4. 



Locate the following in the laboratory- and indicate its prope^• use: Safety 
showfer. fvre extinguisher, fire blanket, eye wash, first aid kit and .• 
mstrucfron sheet, fume hood. ' 

Select the proper pieces of equipment given an emergendy^ituation. 
State when safety glasses, lab aprons 'and lab'gloveS will 'be us6dt . 
Gryen a list of commof> lab chemicals state their safety hazard and proper 
storage TOthod. , • , ^ ^-^ , 



Instructional Aids: 

* ^ 

» Handout: Laboratory Safety 
. Fire extinguishers A,'BC, ABC, OGD 
Fire blanket . . 

Eye wash • 
First aid kit , ^ * 



Instructional Approach^ v 

lecture * " . 

Demonstration 
Discussion ^ 



References^ 



Manual-for Sanitary Chemistry and Sanitary Microbiology, Linn-Benton Commuaity 
/College, Carnfegie Wooley, 1975 J - \ ' ^ • . 

Standard Methods, 14th^ Edition > .* • 

Wastewater Labor&tbrv Procldures & Chemistry, from Operation of Wastewater " ' 
Treatment Plants bv Wrt. V > 1^ 



Class Assighnients: 
Read handout 



T7 
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Hadul-e No: 



Topic: 
Safety 



Instructor Notes: 



Distingijish between A^ B, & C 
class extinguishers; Show 
Soda Water\ CO2, Dry chemical • 



Do not try to teach a first 
aid course 'in this module. • 

•Demonstrate top dr^w and * 
bottom dfciw on a fume hood. 



Stress that no two emergency 
situations are the ^ame; 

Handout ' , \ 
Labprato ry Safety* < ' 




■ / 



Instructor O'utliner'' • 



1> * identify,' describe and demonstrate the 
use af * , " . ^ 

a.. S&fety showers' 

• b. -Fire extifiguisher 

' " d. ^ Fire .blanket* . - 

d. ' Eye wash , ' * • ^ 

e. First aid kit with instruction sheet 



f . Fume hood 



2. .a; Describe emergency situations and indicate 

^ . proper cictions; " ^ 

\ — * ^ 

b. Have participants indi^at^.4ww the • 
; ^ - situation. couW be prevented .ariilwhat 
: >actions,\must tJe taken* after the ihcident. 

3. D>scuss personal protectipn equipment and 
'the_use' of^it* . 

4. Discusfli.andout chemical hazards. 

• *' Part fci pant must be able to 'state the' safety •• 
; hazards and proper storage methods of • Group A 
chemicals on handout. 

' . r 



0 



■.(I 
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, LABORATORY SAFETY 
•Carnegie & Woolly 

Manual for Sanitary Chemistry & Sanitary Microbiology / 
Linn Benton Community College * ' 

Albany, Oregon 



Introduction ' . 

For the inexperienced and^ careless operator, the treatment plant 
laboratory can be extremely hazardous. The laboratory is not necessarrily a 
■dangerous place, h^ver. . Intelligent precautions and an understanding of 
proper techniques make the Tabdratory less dangerous than most other 
industries. * , ' 

•A numb.er of ha2ardous materials and conditions do exist. Be aware 
of these dangers. Prevent accidents. 
Personal Prot^c.tion 

1. Wear Safety Goggles or Eyeglasses' . . • * ' 
Eyes must be protected frorp splashing chemicals and flying broken glass 
by 'wearing goggles at all tijnes. . ' . 

2. ^ Wear Lab Cbat^oV Apron and Protecti ve'sftqes 

Protect c/lothing and l^ocly from corrosive chemicals.. Tennis shoes or-* 
sandals are not acceptable. • ^ 

3. Know Location of Safety Equipment ' , . { ^ 
A first-aid cabinet, ? fire extinguisher, a fire blanket and an eye-wash 

^ fountain should be available. Know exactly- where they'are^ocjited a»d 
hew to use them. , 

Tt)xic Fumes . * . ^ . 

Any test involving a dangerous or' unpleasant volatile material should be 
performed in a hood or well-ventilated part of the laboratory. 
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5. Measuring Chemicals 
Never handle chemicaJs with 'the hands. Always use a spatula,. Do. hat 
drip liquid chemicals. Pour stock solutions into a small beaker, then 
into the graduate. Pipette from the beaker, not the stock sblution 

.bottle. ' " i . 

6 . High Temperature , * / * I 

Use protective gloves or long handled tongs when using autocilave, hat • 
plate, furnace or oven. 

7. Broken Glassware 



/ 



Discard .or repair .cracked or broken glassware immediatelx, 

8. Electrical . ^ 

. — — — ^ • . » • 

Check all electrical equipment to see that it is prpgerly wired and 
groun'ded. ! > 

9\ Wash up ' , ' . 

Always w^ash^your hands after. handling chemical containers and. test 
apparatus. - ^ . , , " - . 

10. Eating . • * \ . 

Never use glassware for serving food. Always wash before eatSing or 
smoking. Itvis not good 'to eat in the lat)oratory at all. 

11. - Labels . . \ 

— — k J 

Always label container? with* name- of material; concentration, date, 
. and your initials. This will preve^it accidents with acids, etc*, in 
unlabeled beakers and a»lso prevent: use of wrong reagents in- lab tests. 



r 
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Corrosive Cheipicals ' . * . . ' ^ 

1.'^ Aci\ds- (Sulfuric^ Hydroch1ot;f Nitric, Glacial Acetic . • 

a. Concentrated acib are extremely corrosive to everything^ ^including ' 
skin. Use glass and pblyethylene containers. 

b. In case of spills, irpedi ately add large* quantities of water to the 
area and neutralize* with sodium bicarbpnate. Then clean up'the, area. 
Contact with skin bums very quickly. Was^h' imnedtately twith large 
quantities of water and neutralize with^sodium bi*carbonate. 

; d.' Dilute concentrated acid by adding the acid' to the'water', never ' * 
/: /the Teve>|j^e. • ■ ^ ^ ' 

e. • Always pipette with a rubber bulb, ' • 

f^ In general, do not mix strong aciSs witb strong bases. If-itis^'' 
necessary to mix these solution?, do* so very slowly, with mixing ^and 
•cooking >n cold tap water or fee water, ^ ' . " - ^ 

2/ Bases (Sbdium Hydroxide, Potassium Hyldro)(id^, Ammonium Hydroxide) 

a. Concentrated 6ases are also extreme^ corrosi ve to skin and clothing.* 
y Use glass (with rubber stopper)^ and polyethylene containers. Do not 

use^glass stoppered bottles. ^ , ^ ^ 

. b. In case- of spill, wash with large .quantities of water, and neutralize 

^ with saturated boric cicid solution. 

\^ 

c. Always pipette with rubber bulb. • 

\. 

3. Others " . 

a. Chlorjne gas - Secure covers- to prevent escape of vapor.* 

b. Ferric chloride - Extreinely corrosive to metals. Avoid contact With 
skin. _ : ^ - * - - ^ 
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' Toxic Chetni cals * . » ^ - ' 

1. Avoid Ingestion Inhalation • < ; . • 

a. Solids - Cyanides, chromium,, cadmi um. , . ' ' 

b. Liquids '- Carbon .tetrachloride , ammonium hydroxide, nitric acid," 
bromine, chlorine water, chloroform,* carbon disulfide. Use in hood; 

c. Gases - Hydrogen sulfide, chlorine , ammoai a, hydrochloric acid. 
Use in hood. «^ 

' • - - . ~ ' \- 

2. Most Chemicals Have Warnings and Antidotes^ on Their Labels. Read Them 



. Before you Use the Chemicah 
Explosfve or Flammable Materials 



\ 



1. Acetylene, hydrogen, carbon disulfide, benzene, "ethyl ether, petroleum ; 
ether, acetone. Store the materials dccordinq to fire regulations.. 

2. Use'in hood. Do not use near open flame of exposed heating element. 

Do not smoke near the^ 6herpi cals . , Use extreme caution during: distil lati on. 
■> Do not distill to dryness. ' . 

. Infectious Materials ' * V ' » . 

Although it is highly unlikely that an operator would contract diseases by ' 
wprking in a treatment plant*^ the possibility does exist. 

1. Sewage contains bactjeria arid viruses which can cause diseases* Soml 
diseases are contracted through breaks in the skin. ^,Keep wounds cove^red 
and if necessary, wear protective gloVes. ^ . 

2. Some are contracted through the digestive tract. Hje best protectfon 
is t6 wash thoroughly after performing tests to avoid transferring 
bacteria to mouth while eating. , * 

3. Immunization is provided for many of the dise^^ses. Operators are ' 
encouraged to take full, advantage of this type of protection. 



11 
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Module No: 



Approx.. Time: 
30 Min. 



Module vTI tie: 

•Basic Laboratory Skflls ♦ 



Submodiile Title: 
General Skills 



Topic: 

Notebooks and iench Sffeets 



Objectives; 



Upon coijipletion of this module, the participant should' be able to: 

1. Describe information to be included in a gltera'l Jab notebook.^ 

2. : Describe the utility of a lab bench sheet. 



Instructional, Aids: 

Handouts ^ \ 
1., lab notebo^s 
2. iJench she^d 



)OQks 



Instructional Approach: 
Lecture • 




References: 

i 

' None ' ' 



Class AssignfHents: 
Read handouts • 
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Module Ho: 


Topic: " . ; ^inl^ 
Notebooks and Bench Sheets ' / . , 




Instr^rctor Notes: • 

• 


Instructor Outline: / • 




Handout Lab Notebooks ' 


Discuss lab notebooks ' - • : ' 








. Why they ^i;e kept ' , * 
What must be in one v - 




Handouts' 
Bench sheets 


Discuss the ^use' of bench sheets and their 
rel?itionship to lab notebooks. 


* 


• 




' Discuss bench sheets examp-le?: 

/ t 

t 








• ' ■ - 


* • 






> * 


* 






1 


(- 






1 ' 

.. \, ' ■> 

* 
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• INSTRUCTIONS FOR KEEPING LABORATORY NOTEBOOKS _ 
Entries should be recorded' in ink 'or ball-poTnt pen, by the person; doing 
the work,- on the same day the work was done. Such person should date the 
pa^9^t th^ beginning of each day's entry and should initial^ the page ''. - 
after each, day'.s entry. .'Entries .should be ftiade on only 'one side of each 
page.- The blank side facing each'i5-age may be used for calculatfons not 
constituting a material part of the information recorded. 
Each' new pry j-ect should, as a^firsj entry, include dsClear, concise 
statement of What _ is to be|d6rie and what is hoped to Be achieved. All 
entries should.be made in such detail that anyone not di rectly associated 
with the work will be able to read and understand the scope and obj^Qtof 
the work described.. 
Each page should be filled'in completely either with written matter or 
diagonal lines before starting on the next page. **^No blanks, should be 
left, for example/for later insertion of analyses. , 
No attempt should ever; be made to correct or obliterate any entry. 
Necessary corrections or deletions should be made, by drawing a single 
line through the portior? fo^be deleted, being sure to leave the original 
matter legible. As required, Substitute' words may be written,, above the, 
deleted matter. ' All such changes should be initialed and dated as of 
the date of correction*. If possible, an explanation of the change should 
be made eithisr i^ the- margin or immediately following the correction if 
that 'portion of the page rhas not alreadly been filled. 



— ~ — ^ ~z — 5 — 

5. Any sketches or drawings which are not originally "made "on the notebook. 
^ pages may be inserted but care should be taken that each page is 

appropriately identified by title and date. Reference should be made . 
in th^>fe^t of the notebook. entry to such insertions ami the date when 
such pages became available. This will refute any charge that such 
inserted pages were prepared at a date later than indicated. 

6. Each person who has, the duty of recording experiments should have tiis 
own notebook and- should" not permit others to snake entries in it. In the 
case tff shift work tlii^ rule may be relaxed if the records _9re otherwise 
adequately corroborated. " * ^ ■•• 

7-r There is no objection to having sl^parate notebx)oks for separate projects 
but care should be taken to insure that -entries are made in ch ronoTogt«s^ 
order and that" there is sufficient ideiitifi cation of each entry to 
maintain continuity'. 
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^ SOLIDS DEtTERMINATION ,. 

Percent^otal SoUds (T»S..) - 
•and 

Percent Volatile Soljds (V.S.)' 



1 . ■ 
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Source 



Dish No. 



Weight of' Dish -»-,Sattip1e 



Weight of Dish 



Weight of Wet Sample 



Weight of Dish + Sample 
After Drying 



Weight of Dish 



Weight of ^Dry Sample 




Weight of Dish + Sample 
After Ignition 



Weight of Dish 



Weight of Realdjje 
% Fixed Solids 



* Average , 



Formulae: 



"w^: of K Igie x'lOO = « Total Sonas (T.?» 

2. 100 - % Toj:al Solids = % of^Moisture 

•3. Wt'. of Residue ^ 100 = % Fixed Solids (F.S.) 
Wt. of Dry Sample • - --n, 

c » 

4. 100 - %'Fixed Solids- = % Vo,]atile Solids (V.S..) 

•V 



This method is usually used in sludge solids analysis^ 
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Module No: . v 


/todule Title: n 

Basic Laboratory Skills . 






^Submodule Title: 

-J ' 




^pprox. Time: 


General Skills 




30. Mi n . ^4 


Topic: ' . ' 
' Label ir}g* 


/ 


Objectives: ' • 
Upon completion of this module, the participant should be able to: 

1. Describe the necessity 'of proper labeling of chemi/^iT stock bottles, sample 
bottles,, flasks etc.; ' J > k 

2. State* the information required on a chemical stock bottle. ■ 
3. . State the information required on a sample bottle. 




1 ns t ruction a 1 Aids: 






Handout: "Labels" 


\ . . ^ • ' 

' r _ 1 




Instructional Approach: ... 




Lecture ^ 


\ t 
• 


* 


References: 


* ' * 1 




3elf-nK>nitoring Procedures, Basic Laboratory Skills/ USE^PA, Engel, Highby, ^ 
Wagner. * ' - : 


i - 

ERLC 


Class Assignnients: 
Read handouts 


1 

. "■ '.-11 ■. : ' ■ ' 



• 




• 






4 


/ 

4 
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Module No: 


Topic: 


i - 








Labeling 






* 


Instructor Notes; 


Instructor Outline: ' . " J'i - 






% 




1. a. Discuss labeling of chemical stock 
bottles, sample'bottlk anci -flasks. 


o 






b. Discuss dating of chemicals and 


reagents. 








c. Discuss sample labeling 






T Handoutr, Labels 




2. List the data required on chemical 
i)ottle. 


stock' 








3. * List the data required on a sample'^'bottle^ 


9- 




I 


. f ' 


• • 


* 


- • > 

J 




> 

>> 

* 


* 

4 




I 






< • 


# 


0 




> 

t 

* 

• % 


1 








t 
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Labeling^ 




1 


When a chemical or a piece of equipment is used for a specific" 




- analysis, it should have some type of identification. When you prepare a 


n 1 

^ 1 
1 


chemical from a stock container' (p^urchased from a supply house), you must 
identify that. chemical properly. The stock container will have all the 
necessary i nformation .on label ".. A general format for labeling^ reagent 




bottles is as follows.* 


" % 


« ■ 1 

7 

/ 


Chemical Name ^ y , ^ ' 
' , ' ^ Chemical Fonrvula 

Qdncentrati on 

Date . * Initi.als ^ 

In preparing a' chemical reagent a specific procedure woultl be as 


/ 


1 follows: ' 






Prepare a sulfurir^acid solution 10% by volume by pouring 




10 ml ofconcentrcited sulfiirfc acid (H2SO4), i'nto"90 ml ' 
of distilled water. Coo'l the solution to room temperature 




and transfer to' a storage bottle. ' ^ . ' 
Is * • 




1 The label should te: . 






1 "* ' Sulfuric Acid / ^ 

• . . ' "2% . • \ 
1 . 10^ by Volume • ' - - . 

. ' .. ■ ( . . . - - ■ ■ 




1 12/19/74 \ 


■. WTE " " A 




■ All necessary information has been included on the lab^ to properly idehtify ^ 




1 it. It takes a little more time but' it is well worth it in the long run. \ ^ 




1 ' Several labeling tools are'-^available, and each has its place in th^ 
laboratory. Most beakers'^and flasks will' have a hexagon space of ground glassN 


\ 

\ 


• 
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1 which can, be used to identify it. p. 
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A lead pencil should be used, for this *type of marking. ^ 

' Grease pencils are primarily used for test tubes. It should be 

noted that-the grease pencil marking will readily rub off. When porcelain 

is labeled, a special technique should be used, since the/itemwill be 

repeatedly iieated and cooled. An etching device such as a Vibra-Groover, 

should 'first be used to put either a number or letter on the item. Next the 

etching should be filled in by rubbing it vfith a stick, dipped in Ferric 

Chloride (FeCIs) solution (can either be prepared or commes^ci ally purchased). 

The porcelain crucible^ or other item is then [J^aced "1 n a muffle furnace 

'..(Approximately 600° C.)-and fired for 10 minutes. Aft;er cooling fRe porcelain 

is ready for use. Whatever labeling techniques you use\ be consistent, and 
# - ^ \ 

' remember that the label is intended not only' for convenieV^ce but also for 

. safety. i - 




1 
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.QHEMICAL^feE 

Symbol 

'ODNCEffTRATION 

Date, > 
Prepared" by 



Sample Site ^ ,. 
Time & Date 
Sample Type 

Type of Presei^vation 

t 'Sampler 
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Potassium* DicROMATE 

■ \n.250 N ■ 
. July 5/1977 • 
By John IVw 



Qhlorine Contact Tank Eff. 
11:30 A.M. - JuLY ^ 1977. 
' ' /Gra& Sa^le 
, No Preservation 
By John Ibw ■ 



s * 
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.Module No: 



r 



Apprax. 'Time: 
1 hour 



ftodale T|ble: 



Subitocftile" Title: 



Topic: • 

Sampling 



Objectives: ' ^ ' 

\ ^ • - , 

1. ; -Explain why sampli-ng and preservation is just, as important as=^the accuracy 

and precision of the analysis. . ; ' ^ - 

'2. Differentic^te between ^rab and composite "sampling • • 
3. list three general methods o-f sample pi^servattoV. 



Instructional Aids: 



Handout: ''Sampling*' 
HandoGt: Sample Preservation 



Instructional Approach: 



Lesture 



ERIC 



References: . ; . ' ' - ' < 

1. Kerri, Wastewater Laboratory Procedures • , > 

2. Standard Methods, 14th Edition' ^ * ' > . * 

3. Methods for Chemical Analysis of Water and Wastewater?, USEPAi Technology 
Transfer 



Class Assignments: 
Read handouts 



' '22 

> . 
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Nodule No: 


Topic: ^ ■ * iiL 

'Sampling ' . . " ,-1^^. 


Instructor Notes: 


' " . T — ^ 5c 

Instructor Outline: • 

\ X 


Handout "Sampling" 


■ ' / - 

1- a. Discuss sampling -in general* 
b- List the objectives, of sampling 



Handout "Sample Preservation" 



2, 



c. Indicate that the analysis -and results are 
only ^as go at the sample, . . 

^fferentiate between g)4b and composite 
samples. 



. b* List types of composite samples* 
3. a. Discuss methods of preservation 

1. Retard biological, action ^ 

2. Retard chemical change 
3- Reduce volatility 
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SAMPLING, 

Carnegie & Wooley ^ ' ' , ^ ji 

Manual for Sanitary. Chemistry & Sanitary J(li cr obi o logy 
Linn Benton Ooremunity College 
Albany, Oregon 



\ 



The most neglected technique in laboratory control tests is in the 

■ ^ ^- • 

collection and handling of samples . _Even though a test i| performed 
carefully and accurately, the result may^be completely wrong and meaningless, 
unless a .good representative s^ample' is taken. ... * 

Cardinal RUles . ^ \ . . , , ' ^ 

The cardinal rules for sampling speTl CAP: 

1. CLEANLINESS -^of all containers, including caps, ahd measuring devices 
that the. sample com^s in contal;t with. 

2. ACCURACY - of records.*" The sample label should note, t^e jtype of sample, 
source of sample, source^, location of sampling point, the date and hour 
sampled, the temperatur*e of the safnple, and recent weather conditions. 

3. RESERVATION. Sewage samples contain living organisms which continue 
to grow, unless the life processes are slowed by lowered temperatures 

. or halted by addition of chemicals. ^'Chemical degredation can also occur 

if samples are not properly preserved. 
• Principles of Sampling ^ - * , * ' 

1. The 'Sample should be taken where the sewage is well mixed. 
1. Large particles which may be in, the sewage should ^be broken into smaller 

pieces or excluded. ' ' ' ^ 

3. No deposits, growths or floating materials that have accumulated at the - 

sampling point should be included. ^ 
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4. Samples should be tested as soon as possible. - ^ 
Ty^eS'Of Samples ,^ * ^ \ 

DEFINITION: A sample is a part of anything that is presented as evidence^. 

of the quality of the who>^. . * * . — . * 

1. GRAB SAMPLES, Grab samples are taken because they are necessary of; 

because there js a lack of time to qatch composite samples/ For. some^ 

tests grab samples must be used.' Tests such as residual chlorine, 
*f * 

dissolved oxygen > and pH are determined from grab samples as a portioa 

r s 

of i^ewage which, cannot be mixed» .For some tests grab samples can be 

used because the quality of the component to be sampled remains uniform 

. for a period of a day or longer* An example is a digestor sample. A 

grab sample is simply one taken at a specific time with no regard to v 

flow' rate. • ' * 

•2. COMPOSITE SAMPLES. Composite samples are representative of the ^ . 

character of the sewage^^oVer a period of time. -B^D, settleable solids 

and suspended solids tests are usually run on composite samples* - The ' 

effects of intermittent changes in ^strength and flow are eliminated. The 

portion collected should^^ie obtained with sufficient frequency to obtaiw 

average results. The rate of sewage flow must be measured when each 

portion is taken and the^ volume of the portion adjusted to the -flow at. 

the particular time of sample. Samples fliay be composited either by^ 

* 

•mechanical samplers or by hand. A composite samp-le is a series of grab 
samples poured together to make one sample. 



U^e tjjc^j)!! owing formula to determine the, volume of^^sample to be • 

takeiiat each sampling j'nterval to Dbtain a weighted, composite sample. . 

Total sample volume in ml Flow ra^e at.sampltnq 1 mT sampl^ at. sampling 
Mo\^f sampling time Average^ flow rate » ^ time 

^ *'^»> 
Sampl e Preservation ' • * . • 

^\ V. • > • . . • 

Both grab and compos i te > sitnipl^E should be chjlled to 3° s 4° t i[nmediatfej3^. 
Thiyis' parti cula»*ly true'for BOD and all bi'ohrg'ical tests. ^Sanples for .< . 
cepain tests may require some type of -^chemical preservative'., IlJ is. not ' 
possible Jto preserve samples for other tests such as DO .and temperature, /' The 
following* table lis t^r^^me comnon tests and preservatTorwnethods : . 
Pre^vati on Methods 



Test 

Acidi^y^Alkalinity 
Biochemical Oxygen Demand 
Chemical Oxygen^^De^nd 
Chloride ^ 
.Color 

( Dissolved Oxygen • ^ 
Hardness 

Nitrogen, Ammonia 



PreservatJ\ve 



Ref ri.gerati on , at 4^0 ^ 
Refri geraM^(^^^^ 
2 nil H2SO4 per liter^ 
None required ' ♦ 
Refrigeraf|on. at 4^ 
Determine on site - 
None requif*fed ^; 
40 mg HgCJl2^r liter - .40C 



Nitrogen, Nitrate - Nitrite ^ . 40 mg HgCl2 R^^ liter - 4^0 



* Maximum , 
HoTding Period 

24 hours 0 , 

"•6 hours 

7'houfs. . 

24 hours 
No holdihg^ 



f7 days 
7 d^ 
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SAMPLE PRESERVATION 



Complete and unequivocal preservation of samples, either domestic 
sewage, industrial wastes, or natural waters, -is a practical Impossibility. ^ 
iiegardless of the nature of the sample, complete stability for every 
con^tifaiefTt can never be achieved. At best, preservation techniques -can 
only retard the chemical and biological changes , that inevitably continue ^ 
after the sample is removed from the parent source. The changes that talje 
place in a sample are either chemical o^ biological. ''In the former case, 
certain changes occur in the chemical structure of -the constituents that are 
a function o^^physica^l conditions. Metal cations may; precipitate as 
hydroxides or form complexes wi.th other constituents; cations- c/r anions may 
may change valence states under' certai n reducing or oxidizing conditions; 
other constituents may dissoT«i/e or volatilize with the passage' of time. - Metal 
cations may also adsorb onto surfaces (glass, plastic, quartz,.^etc.'^), such as, 
iron and lead. Biological changes taking place in a sample may change the _ 
valence of an element or a radical to a different valence.^ ^ Soluble 
constituents .may ^)e converted to organi^cally jjound materials fFTcetl* ^ 
structures, or cell lysis may result in release of cellular material into 
solution. The^well known nitrogen and phosphorus- cycles are examples of 
biological influence on sample cQDipQsitiQn. • ^ 

Methods of preservation .are relatively limited and £ire' intended 
generally to (1) retard biological £i^i*cin, (2) retard hydrolysis of chemical 
compounds and complexes and (3) reducV vo'latility of constituents. 
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Preservation methods are generally limited to pH control, chemical • 
addition, refrigeration, and freezing. Table 1 sttows the various, 
[ih^servatives that may be used to retard changes in samples^_^___^ 

' Many water and waste samples are unstable, ik situations where 
the interval between sample collection and analysis is l«ng enough to produce 
changes in. either the concentration or the. physical state of the constituent 
to be measured, the preservation practices in Table II are recommended. ^ 



TABLE I 



Preservative 
•HgCl2 ^ ' 

Acid (NHO3) 
Acid (H2SO4) 



Alkali (tiaOH] 



Refri geratifon 



Acti on 



Bacterial Inhibitor 

c 

Metals solvent, pre- 
vents' precipitation 

Bacterial Inhibitor 



Salt formation with 
organrc bases 

Salt formation with 
volatile cotppounds 



Bacteri 



le cojppoun 
iaVlnhibi 



tor 



Applicable to: 

Nitrogen forifs. 
Phosphorus forms 

Metals 



Organic samples 
(COD, oil & grease 
organic carbon) 

Ammonia, amines 



Cyanides, organic 
aci ds 

Addity-alkalinity, 
organic materi als, 
BOD, cl)lor, odor, 
organic P, organic 
^ N, carbon, etc. 
Biological organism 
( col i form, etc*) 



In summary, refrigeration at temperatures near freezing or below 
is the best preservation technique available, but it is not app'iicable to 
all types of samples,^ 
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The^ recomnended choice of preservatives for various constituents is 
given in Table 2. Ihe^e choices are based on the acconpanying references and 
on information supplied by various Regional Analytical Quality Control 
Coordinators. " ' . * ' ' . 

. \ 

' , TABLE 2 • - • 

RECOMMENDATION FOR SAMPLING AND PRESERVATION 
OF SAMPLES ACCORDING TO MEASUREMENT (1) ' 



Measurement 



Vol. 
Req. 



Container (2) T Presenvative" 



Holding^ 
Time (6) 



Aci di ty 

Alkalinity 

BOD 

COD 

Dissolved Oxygen 
Probe 

Winkler 

Nitrogen 

Ammonia 

Kjeldahl 



. 100 
100 
1000 
50 

300 
300 

400 
500 



Nitrite > 50 
Oil & Grease 1000 



pH 

Residue 
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P. G 
P. G 
P.^ 
P. G 

G only 
G only 

P, G 

.P. G 

P. % 
G only 

P. G 



Cool, 40 C. 

Cool , 40 c/ 

Cool, 40 C. 

H2SO4 to pH 2 

Det. on site 
Fix on sit 



Cool; 40 C. 
H2SO4 to pH 2 

,Cool, 40 
H2SO4 to pH 2 

CoQl, 40 C. 

Cool, 40 c; 

H2SO4 to pH -2 

Cool , 46 C, 
Det. on site 



24 Hrs. 
24 Hrs. 

6 Hrs*i 

7 Days •• 

. No Holdin^_ 
• No Holding 

24 Hrs. (4) 

24 Hrs. (4) 

24 Hrs. (4) 
24 Hrs. 

, 6 Hrs. (3) 



TABLE 2 Cont. 



■Measurement 


Vol. 
Req. 
(ml) 


/ 

Container (2) 


Preservative 


..^Holding 
Time (6) 


> 

Filterable ■, 


100 


P, G ' 


Cool , 4" C. 


7 Days 


Non-Filterable 


100 


P, G 


Cdol, 4° C. 


7*. Days , 


Total 


100 


: p. G 


Cool, 4° C' 


7 Days , 


Volatile 


100 


P,.G 


Cool, 40 C. • 


7 Days 


Settle able Matter 1000 


p. G 


None Req. 


24 Hrs. \^ 


Speci fic 
Conductance 


100 


p/g 


Cool, 4^ C.,' 


% 24 Hrs. 


Temperature 


1000 


. P. G 


Det. on site 


No Holding 


Turbidity 


100 


P. G 


Gool, 40 C. 


7 Days 


1. More specific instructions for preservVtion and sampling 


are found with 


each procecfu 


re as 


detailed in this manual. 


A general "discuss ion on 



sampling w^ter and industrial wastewater may be found in ASTM, Part 23, 
p. 72 - 9r(1973L 

2. Plastic or glass 

3. If samples cannot be returned to the laboratory in les^s than 6 hou^s and 
holding^time exceeds this limit, the final reported data should indicate 

' the actual holding tjme. 

4. Mercuric chloride may be used as an alternate' preservative^ at ^ 
concentration of 40 mg/1, especially if a longer holding time is required 
However, thfe use'of mercuric chloride is discouraged^ whenever possible. 
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5. If the sample is stabilized by cooling, it should be warmed^to 25° C. for 



reading,' or temperature correction made and results reported at 25° C. 



6. It has been shown that samples properly preserved may be held for 
extended periods beyond the recommended holding *time. • - 
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Module No: 



Objectives: 

Upon completion of this module, the participant should be able to: 

\ ^* 
1. Identify and operate theXfollowing lab equipment: Vacuum pump, lab burner 

fume hood, lab oven, dess>icator, hot plate, stirrer. ' 
2; Identify the following laoy glassware: Buret, pipet (volumetric), pipet (mohr), 

graduated cylinder, I|r]enmeyer flask, vacuum flask, volumetric flask,' 

separating funnel, bucnner l^unnel , gooch crucible. Watch glass, beaker, 
V/alter crucible holder, *bure\ clamp. -> ' • 

3: Demonstrate proper methods of\glassware cleaning and indicate when special 

cleaning rpaofin tc t^y^q nooHoH 



Approx. Time: 
2 hours 
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Module Title: 

Basic Labpratory Skills 



Submodule Ti^le: 

General Skills. 



Gerieral Lab Equipment and Glassware 



Instructional ^Ids: 

Lab eqOipment ©er handout 
Handouts " ' . 

1. Laboratory Equipment Description an\d Use 

2. Glassware cleaning 



Instructional Approach: 



Manual for Sanitary Cliemistry and Sanitpry MicrobiWogy, Carnegi'e & Wooley. , 




Class Assignn\fiints: 

■ ! 

Read handouts^ 
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Topic: 

General Ub Equipment and ^Glassware 



Instructor OutliWr 



Proper use of equipment will 
be covered in following topics 



Handout 

Laboratory equipment 
description and use. 



Handout 

Glassware cleaning 



1. Demonstrate the use of: 
a% Vacuum pump 

b. Lab burners . ^ ^ - 

c. Fume hoods 

d. Lab ovens 

e: Itessicators , v > 

f. Hot plates ^ . 

g. Magnetic .stirrers 

2. identify and demonstrate ^ths proper handling 
and storage .of: 

Burets . • ^ ' * . • 

PI pets • 

Volumetric ) 
Mohr / . 

Graduated cylinders 

Erlenmeyer flasks ' \ 
Vacuum flasks 
Volumetric flasks 
Separatory funnel 
* Buchner funnel ' : 

Gooch crucible 
Watch gfass 

Beaker * . 

Walter crucible holder 

Buret clamp . * ^ *^ 

3. Discuss handout on glassware cleaning 
Note safety precautions for use of strong 
acid and stroog^ base cleaning solutions. 
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LABORATORY EQUIPMENT 
DESCRIPTIOtI AND USE 



The well equipped treatment plant lab shoul(| have the necessary. \ 
equipment and glassware to perform all necessary tesj^V some of which will be 
run simultaneously. I|i^^ddition> the lab must^ave the necessary supporting 
Equipment to make up solutions and perform other routine lab tasks. The 
follc)^ing items should be considered minimum for an efficient and smoothly 
operating treatment plant la^ratory^ ^ . 

* . (Mentlon-of any piece, of equipment by brand name' does not necessarily 

mean endorsement of that brand by Linn-Benton -Community College orjWie ^ 
/Environmental Protection Agency, but is used for illustrative purposes only.) 

1. BALANCE^ ■ ■ 

a. BEAM BALANCE 



6 



This balance should have a capacity of 500 g. and a 

« 

precision of 0.02 g. This balance ts used for quick 
measurements, suth as weighing chemicals for the • 
^ preparation of most solutionsY^ Detailed instructions 

for the operation of the balance accompany t-he 
instrument. Read them thoroughly before attempting 
to make measurements. In general, treat the instrumgnt 
gently and keep it clean. 
ANALYTICAL BALANCE ' ' • - ^ 

This balance should have a capacity of 160 g. and a^ 
precision of 0.1 mg. This balance is use3 primarily 
for solids determinations and for weighing dry 
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pH EQUIPMENT 
a. pH METER 



b. ' pH TEST PAPER 



chemicals irv preparation of standard solutions. 
Detailed instructions for operation also^^^ompany this 
instrument. Strict adherence to the directions is 
necessary to avoid damage. This instrument -is . 
extremely serfeitive and cannot be -jarred or treated 
roughly. Keep it clean, inside and out. 



The pH meter should have a rarv^e of 0 to 14 pH, 
and deliver + 0.1 pH accuracy." This instrument is used 
to adjust pH of solutions, titrations, and other 
procedures requiring some degree of accuracy. Detailed 

instructions 'for the operation of the pH* meter are 

* «. 
included in another module. 

pH test paper is a convenient tool for getting^ a 
rough check of the pH very quickly. It can be 
obtained in nearly any range. ^ For general use^, a 
range of 1 to 11 pH and an accuracy^.ofols pH is 
adequate. 



The test paper is treated witK an indicator wh^'ch will 
cKange color when moistened. Distinct color changes 
occur over the entire-i^nge of pH. To determifie the 
jDH of a solution-^th pH test paper, obtain a drop 
solution with a'cl^an^Pasteur^plpette or stirring rod 

35 



and apply it to^'a piece of .the test paper. The paper 

* 

will change color immediately... Determine the ptt by 
comparing thef color chart on .the dispenser. 



INCUBATORS r 

a. BOD INCUBATOR 



\ 



BOD^s are incubated at Z(P C. andJnorma^V.a ' 
relatively large nuirfcg^ of bottle^^are used.-^* Therefore 
a large cabinet type incubator that will -hold several * 
hundred BOD bottles .with a sensitivity +-0.5P q. 



is required. 
BENCH MODEL INCUBATOR * \ 



"I- 



Most bacterial tests are riin -et 35° C. Therefore,' 

^ additional incub'acor isjneeded. The inqubator 

should be large' en ouj^ ttr accommodate t^e maximum 

number of pi ates-whltn. would ever be handled at the 

,S ■ ' f ' . 
same t*ime. Sensitivity should be a£ least + 0.2° C. 



WATERBATH - - ' • ' 

a. CONTROLLED TEMPERATURE ^ . . 

A water bath at 45^ C.\4s required for f^cal coliform 
membrane filter test. - The bath must bie large enough 
to accommodate sevei^al plastic bags 'containing , 
membrane filter dishes i This -bath should have a 
. * sensitivity^ of at least ± 0.2° C. and a range from 

room temperature to 100.^ C'., Several other tests - 
require water Baths at different temperatures. , Often , 
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STEAM TABLE' 



the same batli. can be used, but it must b'e easily 
adjusted between tests. 

r 

The soljds tests rjequire a steam table for evaporation 

of the sample. Often .the- controlled water bath can 

double as a steam table if it canine covered properly 

and stt^t allow the evaporating dish to sit down into 

j^e bath. In larger plants', it would bq advisable to 

^ * * 

have a separate steam table, sinee many of the tests' 

will overlap. The steam table must .reach 100° C. and 

have' an^ automatic overflow water level contrpl . 



5. 



MICROSCOPES , 

a. COMPOUND MICROSCOPE 



\ 



A microscope is required for observation of sludge 
samples and bacteria. The compoun^^i cro^ope should 



i 



have at least three objective lenses; a* low power (lOX), 
high dry pow^r (43X), and-^ an oil immersion lens. An 
electrical light source is recommended. Do not attempt 
to operate the compound microscope without direct, 

personal instruction from some one expertenced with 

♦ 

your particular modeluz^ 

b. DISSECTING MICROSCOPE ^ 

: — ^ ^ ^ 

""The binocular dissecttno microscope is quite helpful 
in properly identifying coliform colonies in the 
membrane filter tests. The microscope should have a 
range of lX-3X-with an electric lamp light source. 
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6. STIRRING Hai PLATE 



7. CENTRIFUGE. 



8. SPECTROPHOTOMETER 



The stirring-hot plate is used in the preparation of"^ 
solutions, as well as i-n several tests. The heating 
and starring" units should be able to be operated \ 
separately or^'together. ' Thre plate should heat from 
150 to .700° F. and the Tti rrer should run from 0 to. 

» * 

1800 rpm. 

V 

A small bench top centrifuge is. used to clarify some 
was'tewater samples. The instrujnent should have the; , 
capacity to hold 8, 15 ml. or 4,. 50 ml. conical 
centrifuge tubes an<il run at, speed-up to 3200 rpm. A 
timer is convenient. ^ Caution must bei taken in the 
operations of ^ any centrjifu^e to be surWhe load is 

balanced. Tubes opposite one another muXt be the same 

\ 

weight. The weight can be checked on .a balance or By , 
leveling the amount of liqijid in the two tul?es. If 
only one tube is needed for your samples, make a 
balance tube up with water. Do not operate the 
centrifuge with the lid up. Accelerate the centrifuge 
slowly to avoid undue strain on the motor. Clean up 
any spills in'the instrument imnediately. . ; 

The spe(^trophotometer is required for color intensity 
determinations on several testTs. The instrument should 
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have the capacity to work in the ragrip of 400-700 nw. 
Detailed instructions'^'for the operation of the ' 
spectrop,hotorpeter are included in pother s-ection. 
MUFFLE FURNACE . ' * ' 

The muffle furnace is used in the volatile solids tests* 
and must reach ^ temperature of 600^ C. and space 
enough to handle three or four evaporating dishes is 
^ recommended. Use extreme caution when working around 
the oven. Always wear insulated gloves and use long 
handled tongs to insert and remove dishes. 

DRYING OVEN 

The drying oven is used to dry crucibles, dishes, . 
filter paper, chemicals, and glassware. It should 
have a heating capacity, of up to 150^ C//and control - 
sensitivity of + 0.5^ C. Use caution because of heat. 
Handle material with totngs or gloves.^ , , ' 



AUTOCLAVE 




The autoclave is used for sterilizing solutions, 
bactejrial growth media, and glassware. Ifr must hatve 
the capacity to develop and hold 15 psi at 121^ C; for 
any length of time. Size is not important as long bs it 
is large enough to accommodate the volume of work ' 
required. .Bench top sterilizers are sat'isfactory as 
long as they meet the above requirements. Each 
autoclave is slightly different. Operating instructions 



12. WATERSTILL 
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are included y/ifh the inst.rumeTit and shoUld be read 
prior to operatioji. Preferably, Ho not operate 
without the instruction of someone familiar with the • 
operation of your particular mode^. Use caution since 
the autoclave develops high pres^res"and high V 
temperatures- Always remoVe hot iteilts with torlgS'Or 
gloves. V , . 

Distilled water 'it~requi red in nearly every test " 
performed in the laboratory. High (Quality distilled •. 
water can be obtained from several rconinercial models. 
"Tn selecting the still for your lab, determijie the 
quantity of water needed*" for operation. For most- 
ly labora^ies, a .capacity of 2 gal/hour is satisfactoijf. 
Directions for operation accompany the still.- Of 
critical importance is nqt' al Vowing the still to run 
dry. -Some laboratories^ find\^it desirable to also 
process their distilled water through a .demineralizer 
to obtain ultra-wiirg^ water. »A1 though thi|~is not 
required, it is reconpsn^ed forseveral tests. 



13. BUNSEN BURNER 
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The Bunsen burner is used as a source Of ljeat*for 
botlir>g and to steri lize eqiiipment during-.tiolqgical 
-transfers. The burner should be compatible jthe , 
type of gas available fo/ fuel. Self-containers 
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14. DES'ICAHOR 
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gas- cylinder units are available if commercial gas 
lines are not present. 

The desicattor, is used to store items that must not 
take moisture from the atmosphere. They should be 
large enough to hold several evaporation dishes^. 

\ 

A vacuum pump or aspirator on the sink faucet is needed 
for several filtration steps. The aspirator can be 
connected diractly to^the^cold water tap. The vacuum 
hose should run to a "water-trap" before it is 
connected to lihe vacuum flask to prevent water from 
surgtnfl up into the flask where the vacuum is^^^ypjl^eased. 



15. ASPIRATOR 



16. BURETS 

a. PRECISION BURETS 



( 



The buret is essential for several treatment plant 
tests. It is designed to deliver liquids in a 
controlled fashion, such that additions can be made . 
dropwise or intermittently and the final volume 
delivered determined; The straight bore, and Teflon 
stopcock is recommended' for general use. Burets with 
larger or smaller' capacities can be obtained. Fill 
the buret by adding the liquid wtth aid of a funnel * 
to the top with the stopcock closed* Fill it well 
above the-Q ml. 'mark. Then bleed out the tip so'that 

41 ' • ^ 
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the orifice through, the stopcock and the tip are free 
of air bubbles. Continue bleeding until the meniscus 
at the top of the buret reads 0 ml. Dispense the liquid 
by grasping the stopcock with the left hand, leaving 
the right hand free to agitate the flask below. After 
the required volume has been dispensed, read this 
meniscus. Notice that the values increase from top to 
bottom. The (difference between the ^f^J^ buret reading 
and the initial buret reading will give the exact 
volume dispensed.^ By this method,*it is not necessary 

0 

to refill between each operation.. Simply calculate 
the difference in buret reading as you continue to 
dispense the liquid. Jjowever, be careful not to 
dispense below the 50 ml. mark. 



17. PIPETTES 

a. MEASURING PIPETTES 



Measuring pipettes are used for a variety of purposes. 
They can be obtained fnscapacity from 0.1 ml. to 20 ml< 
with different subdivisions. Every lab should have ^ 
selection of pipettes from 0.1 ml ^k»^^20jnl . , mostly 
1, 5, and 10 ml. volume. Measuring pfpettes come in 
two types; those calibrated clear to the tip and 
those not calibrated to the tip. The first type is 
referred to as a "blow-out" pipette, since it is 
necessary to force the last drop "out of the tip in 
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order to deliver the measure volume. The second 
type is operated on the same principle as a buret. 
^ The lijquid is drawn up into the pip.ette and the 
desired volume delivered by allowing the liquid to 
drain out, using the meniscus as .the indicator- of 
volume delivered. 
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The liquid, can be drawn irito the pipette by mouth or by 
a rubber bulb. In general, it is advisable to use a 
rubber bulb. ExperieTiced lab technicians may find it 
more efficient to pipette by mouth, however, never 
pipette strong acids or bases, toxic solutions, sewage 
• samples, or bacterial cultures by mquth. 
b. VOLUMETRIC PIPETTS (TRANSFER PIPETTES) 

Volumetric pipettes are designed to. give the greatest 
^ accuracy in pipettes. They will deliver only one 
••■volume and range in capacity from 1 ml", to 50 ml. 
Each lab should have a supply of 1, 5, 10, 20 and 50 
ml. volumetric pipettesr Their operation is identical 
to the measuring pipettes except that even though 
they are designed to deliver clear to the. tip, they 
are NOT the blow-out type. They are. calibrated to 
deliver the prescribed volume by simply touching 
the tip to the side of the container for a few 
seconds. The small drop remaining in the pipette is, 
not included in the prescribed volume of the'pipette. 

43 
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q. TRANSFER PIPETTES (EYE-DROPPERS) . ' 

» Transfer pipettes, connmonly called eye-droppers, are i 
useful in. de.li vering small unmeasured quantities of - 
liquid such as adding acid to adjust pH in the pH 
V meter. Thpy are operated by using a small rubber bulb 

to take up and dispense the liquid. - • 

18. FLASKS . . . 

a. ERLENMEYER FLASIC 



"I 
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b. 



FILTER FLASK 



The Erlenmeyer flask is' a general purpose flask used 
for containing and mixing solutions^"" They range in 
capacity from 10 ml. to several liters. 

The vacuum filter flask is essentially an Erlenmeyer 
flask with a side-arm attachment^ to receive a vacuum 
hose. Filtration is accomplished by placing a filter 
funnel in the neck of the flask and drawing th& liquid 
through with the aid of the vacuum. 



VOLUMETRIC FLASK 



The volumetric flask is designed to accurately measure 

large volumes of liquid, primarily in the preparation- 

of reagents and standard solutions. They range in 

size, from 1 ml. to 2000 ml. The 50, 100, 500, and 

1000 ml: sizes are recorrmended -for general labVsje... 

'« * 

The volumetric flask is calibrated to contain the ' ' 
prescribed 'volume, not to deliver. The stoppered 
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19. GRADUATED CYLINDERS 



variety is more convenient for us^ in solution 
preparation. . 

Graduated cylinders, or graduated, are used to 

measure large volumes of liquid and are calibrated 

"to deliver" not "to contain". That mearfs, if the 

graduate is filled and the contents poured out, it • ' 

* 

will deliver the prescribed .volume. The drops left 
behind are not included in the prescribed^volume. 
It is considered volumetric but does not have the 
accuracy of the volumetric flask. Graduates range 
from 5 ml. to 2000 ml. Sizes of 10, 50,' 100, 200, 
500, 1000 ml. are recommended for general lab use. 

Beakers are the most common non-volumetric piece of - 
glassware and range in size from 1 ml. to 4000 ml. 
Sizes of 50^ 150, 250, 600, 1000, and 2000 ml. are 
recommended for general lab 'use. Although they do 
pliave graduations, they should not be used to measure 
accurate volumes. 



20: BEAKERS 



2^. 



BOTTLES 

a. PLASTIC BOTTLE 



Polyethylene bottles are convenient to use for 
• I. ^ 

chemical storage. Such bottles can be used to collect 

and transfer sewage sanples. Dark colored plastic 
bottles protect light sensitivej^chemicals. High 



b. 



I temperature polyethylene can be sterilized by auto- 
jclaving. Sizes from 1 oz- to several gallons are* 
I |vailable^ a variety of designs. 
- GLASS STOPPERED^ BATTLES . .J) 

Glass stoppered bottles are ideal for strong acid 



solutions, and many other reagents. However, strong 
bases tend to "freeze" the stoppers. Rubber stoppers 
should be used for strong bases, ass stoppered 
^ ^ ^ bottles range in size from 30 to 2000 ml. 

c. MILK DILUTiON BOHLES 

Dilution bottles are 125/nil- volume glass bottles ' 
with one caTtbration at 99 ml. They are used for 
bacterial and sewage dilutions and can* be autoclaved. 

d. DROPPING BOTTLES 

Dropping bottles with hooded glass stopper or small 
eye droppers attached are recomnended for use with 
stains and indicators, 

e. SQUEEZE BOTTLES • ^ 

Plastic squeeze bottles are used tol dispense distil le^ 
water during rinsing operations. 



f. CARBOYS 



Large plastic carboys, from 2-12 gallon capacity, with 
spjgots, are recommended for storage of distilled 
water, buffered water, and dilution water. . 
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22. EVAPORATING 



DISHES 



23. GOOCH CRUCIBLE 



24. IMHOFF CONE 



25. 



BUCWER FUNNELS 



Porcelain evaporating dishes, are used to dry chemicals 
.and sewage s^ples. Sizes of 70 and 15Q ml. capacity 
are recommended. Sufficient number to handle several 
sainpJes each day 3ftfbulil be on hand. 

The Gooch crucible is usednn solids determination. 
The 35 ml. size is recommended. The illustration 
shows the crucible in the rubber-adapter for filtering 
flask. 

The one liter volume with blunt -tip for raw sewage - 
and shay:p tip for, final sewage is used for settleable 
solids determinations. 

Porcelain Buchner funnels are used in solids 
determinations. The^SO mm. and 115 mm. diameter sizes 
would be recommended. 



26. 



TONGS 

a., CRUCIBLE TONGS " ^ ■ 

Both the normal 9" and long 20" tongs are recomnended. 

h'. EVAPORATING DISH TONGS 

Stainless steel safety dish tongs are, best for 
handling hot evaporating dishes.. 
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c. BEAKER TONGS " / 

For hot beakers and other similar qbjects, the Safety 
Beaker clamp' is recomnended. 

d. FLASK TONGS - ' 

In addition, the Safety Flask Clamp is recommended. 
BACTERIOLOGICAL EQUIPMENT . ^ 

a. PETRI PUSHES . \ 

Either glassy. or disposable plastic petrj dishes are 
^acceptable. For the membrane filter procedures, the 
60.x 15 mm. size-ds recommended. The 100 x 20, mm* 
size is used for total plate count and wherever agar 
plates are required, 

b. MEMBRANE FILTRATION APPARATUS * ' . * 



\ 



d. WIRE LOOPS 



A stainless steel or glass funnel, with base and 
filter support screen for 47 mm. diameter ntembrane 
filters is recommended* The whole apparatus must be 
able to withstand autotlaving. ^ 

A platinum wire loop with a 3 mm. loop is used for 
bacteriological transfers. A wooden or aluminum 
hancHe is acceptable. 



28. FILTER PAPER ' 

a. STANDARD FILTER PAPER * ^ 



A high grade, medium weight, rapid filtering paper 
comparable to Whatman No. 1 is required for Several 
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tests. It is recomninded to have a.,selection of sizes 
(7, 11, & 24 cm.) on hand,' 



b. ^ MEMBRANE FILTERS 



Sterile membrane filters with sterile absorbent pads 
are required for the membrane filter tests. The 
filters should- be 47 mm. *fn diameter, (X.45 uin..pore 
size, white with grid. 



c. GLA^ FIBER FILTERS 



IJltra-fine filteir, which retains particles, in the ^ 
semi -colloidal range with a thickness of 0.-^6 mm. and 
a diameter of 2.4 cm. is required f or ,the suspended 
solids test. Filters equiv^ent to Whatnian Grade Gp/C''' 



^ , is acceptable. 

29. Miscellaneous accessories * 



a. RUBBER STOPPERS 

— ' J 

b. CORK STOPPERS 

c. RUBBER TUBING 

d. TYGON TUBING 

e. VACUUM TUBING 

f. RING STANDS 

g. RINGS & FUNNEL SUP'PORTS 

h. CLAY TRIANGLE 

i. HOSE CLAMPS 




j.' ASBESTOS PAD 



•SPATULA 
FORCEPS , 

PIPETTE FILLER (BULB) 
CRUCIBLE HOLDER 
ASBESTOS GLOVES 
PIPETTE WASHER 
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Clean glassware is. essential to performing meaningful tests. Normally 

— it is easiest to clean immediately after use, since materials will dry and 
> 

stick to the glass if left for a period of time. If st^xred in a closed shqlf ' 
it will not generally be necessary to wash again before use, however for 
extremely sensitive tests a distilled water rinse would be advisable before 
use. 

Cleaning Solutions < . ^ 



GLASSWARE CLEANING METHODS 
Carnegie & Wooley 

Manual for Sanitary Chemistry & Sanitary Microbiology 
Linn Benton Community College 
Albany,- Oregon 



1. Chrolhfe Acid 



1 

A. Dissolve approximately 60 g of pot^assium dichromate 'in hot water. > 

B. Slowly add enough concentrated sulfuric acid tQ make one liter. 
Commercial preparations of this mixture are available from several 
chemical supply houses. 

2. Hot Detergent 

Laboratory detergents are available in several forms. To avoid excess 

sudsing, use sparingly. 
Cleaning Methods . ' V • 

1. Stopcock Grease (Petroleum Base) 

A. Dissolve grease 1n acetone. 

B. . Wash with detergent. 

C. Rinse with tap water four times. 



D. Rinse with distilled water three times. 
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2. Stopcock Grease (Silicone Base) 

A. 5ocik for'one half to twft hours in sulfuric acid. 

B. Rinse with acetone. 

C. Wash with detergent. 

D. Rinse with tap wat^ir four times. 

*E. Rinse with distilled water three times. 

3. Bacteriological Contamination . 

A. Soak in chromic acid mixture. , • 

B. Rinse with tap water 6-10 1^^Tnes 

C. Rinse with distilled water three times. ' 

4. Fat a^Oil Contamination 

^•A. Soak in chromic acid mixture. 
' ' B. Rinse with tap water four times, i^'''^^, 
C. Rinse with distilled water three times. 

5. Organic Material 



A. Soak in chrjomic acid mixture. 

B. Rinse with tap water four times, 



C. Rinse with distilled water three times. • 
The rinsing^.operation must always be carried out thoroughly. Trace 
amounts oir metal ions that retnain due to carelessness may seriously affect 
Organism growth and testing procedures. If an automatic dishwasher is used, 
glasswal^ should- still be given a thorough distilled water rinse bafore 
drying. Glassware may be dried at 103^ C. ' , 

•The cleaning opet^tion is usually simplified if the pipettes, beakers,' 
graduated cylinders, test tubes and flasks are immediately placed in a 
detergent solution after use. Delicate (and expensive) spectrophotometer 
^ - - 



cuvettes must be handled v/ith extreme care 'an^..never exposed to the -harsher 
cleaning agents. 

* 

In certain tests, such as the phosphate detenni nation, special glassware 
cleaning techniques must be used. Special instruction will be included in 
.the specific section dealing with that test. 
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Module Title: 

Basic Laboratory Skills 



ERIC 



Objectives^: ' ^ 

Upon completion of this ipodule, the participant. should be able to: 

1. : Identify and choose the correct chemicals necessary for an- analysis by nari« 
and formula given a set of lab chemicals and a list of chemicals required for 
an ana^lysis. 



Subtnodule Tftle:' 
General Skills' 



Topic: 

Chemical Names and Formulas 



Instructional Aids: 



Handout:. Names of Formulas and Compounds 



Instructional Approach: 

Lecture 
^iscussipn-^ 



Referertce^: 

Basic Lab Skills, l Engel Highby Wagner 



Class Assignn^ents: 

Re9d handoug 
Worksheets in handout 
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Module Ho: 


Topic: 






Chemical Names '^and Formulas ^ * 


Instiructor Notes: * ^ ' 


yr ..... 

Instructor Outline: 


Handout and Worksheets 

Names and Formulas of 
Compounds 


1. a. Discuss very basic chemical 
nomenclature. 

b. 'Emphasize matching the exact 'name and 
formula with the chemical. 


* 

1 




c. Give examples of common errors in 

chemical selection by name or formula. 








• 










• 


* 


1 


» ^^^^^^^^^^^^^^^ 

V 






< 

r 

* 
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NAMES OF FORMULAS AND COMPOUNDS 

•In virtually every , chemical analysis, the name and formulas of 
chemical compounds appear. Compounds are pure substances that are composed 
of two qr more' elements.' Elements may be referred to as the basic building 
blocks of all substances.^ At present there are 105 elements known. These 
elements are shown in the periodic table. ^ 

Each element has a particular symbol. The syinbirl^fs-^an. 



abbreviation for that element. The elements numbered^ TTocated above the 



symbol) 1 through 92 occur naturally (i.e.* can be found in earth's crus't:i 

water or the atmosphere )|^Elements numbering .93-105 do not occur naturally 

T)Ut have been synthesized in small quantities^in the laboratory. The symbols 

that are used to represent tjie elements are also^Used toj^p res en t compounds 
For example the compound tlaCl T^pre?ents the conSin^tion of sodium-.{Na) 

(#11) and chlorine (C> #17) and its name is sodium chloride. ; 

All the chemical procedures that are included in this course will' 

always refer to a. compound with its formula* and, name together. For example: 

Prepare a 10% by volume sulfuric acid '(H2SO4) soluti 

186.15 grams ofAodium thiosulfate .(Na2S203) . 

formulas, yolf will note that subscripts are used, the subscript tells us - 
how many atoms of that element are contained in the compound. In water 
(H2O) there are two atoms of hydrogen and one atom of oxygen. The subscripts 
help to diff^>«j:i±4>te one compound from another. The compound hydrogen 
peroxide (H2O2) although similar to water is obviously not the same s.ince 
there are* 2 atoms of oxygen in the peroxide and only 1 atom in the water. 

- ^ — ' - - « ' ^ • 



on by . : . Wefgh out 
In several of the chemical 
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In choosing the proper chemical for an analysis, it cannot be 
overefliphasized that the name and formula that bccur on the label of the 
chemical must match the name and formula in the procedure that has been 
given. Several names mdy appear to be correct because of simlVanttes 'in 
spelling such as: . 

sodj^um sulfate Na2S04 and 

sodium sulfite Na2S03 
These .are not the same. The sulfate impound has one more oxygen atom than 
the sulfite. Another minor spelling variation would be potassium nitrate 
KNO3 and potassium nitrite KNO2. .What is the difference here? 

Another variation and in^fact a very important property of compounds 

is the addition of the word anhydrous to the name. This means without water. 

\^ ' ' 

The chemical has been prepared (at the factory) v^thout water. If the 

chemical does have water in it, it will be referred to^as hydrate. 

i • r 

, Examples 

Sodium Thiosulfate Pentahydrate {Na2S203.5H20) 

This means that the compound has 5 water molecules associated with 
it. Note that the prefixes to the word hydrate are mono, di , tri , tetra, 
penta, hexa, hepta, octa, nona, and deca referring to the numbers. 1 through. 
10/respecti vely. 

Calcium Chloride, Anhydrous {CaCl2) 
This iTfeans -that the compound contains^ no water. 

When choosing a chemical for a particular analysis, the stock | 
chem'f<:al* bottle must be studied very carefully. It contains a label that 
gives the name of the compound as well as the formula. It also contains . 

57 
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(CAUTIONS) such as explosive, toxic (poisonous). The hazards presentecl by 
these chemicals are not evident from appearance, smell, or everyday knowledge. 
Hazards must bl foreseen gnd avoided. It is safest to assume that all 

• chemicals, even water if not safely handled, can be hazardous. Read the label 

* completely and follciw the^warnings that are indicated. The label will alsi 
mention any additional stprage requirements that might be necessary for a/ 
particular reagent such as (Store at 25^ C). The purity of the chemical/ is . 
also indicated. Analytical or Reagent Greide i-s the highest pH^ity. Thfe 
amounts of impurities are shown on the label. The, word ACS (American /Chemical 
Society) also might be shown. This also -.means reagent grade. A lower.grade 
of chemical would be laboratory or practical grade. • Usually, amounts of 
impurities would not be listed on this label. A sample label is shown below. 



Na2S203.5H20 

SODIUM THIOSULFATE 
(crystals) 



5 lbs. CAUTION!!! 

Emits Toxic Fumes When Heated 
Keep container tightly closed. 
Do not take internalTy. 



Reagent, C. S. 

The exercises on the following pages consist of various check lists and 

consumable supply lists. For every check list there. is a consumable supply 

list. "Complete these as the directions state. , ' 
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Consumable Supplies I 

1. 480 g. manganous sulfate tetrahydrate, MnS0^.4H20 

2. 500 g- sodium hydroxide, NaOH ^ 

3. .125 g. sodium iodide, Nal . ' 

4. 10 g. sodium azide, NaN3 

5. 4 plastic weighing boats ■ 
• 6. 1 smal 1 size spatula t 

7. " 1 medium size spatula 

8. 10 g, soluble starch 

9. 10 ml chloroform 

ior 186.15 g. sodium- thiosulfate pentahydrate, Na2S203.5H20 

11. 6 g. potassium biiodate (or potassium biniodate) KH (103)2 

12. 3 g. potassium iodide, KI .. \ , 

13. 10 ml concentrated sulfuric..aciiU*2^^4 
. 14. Pen or pencil 

15. Paper (to record data) 
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Check List ^ I 
Chemical Names: 

Place number from'' "consumable" list I by matching name, 
a. Sodium Nitrate 



J). Sodium Thiosulfate, Anhydrous 
jc. Sodium Thiosulfate Pentahydrate 



d. Carbon Tetrachloride 



_e. Manganese Hydrpxi<le 

J. Maaganous* Sulfate Tetrahydrate 

jg. Magnesium Sulfate Heptahydrste 



h.. Potassium Bichromate 



J . Sod'ium Iodide i 
\ 

j. Sodium Fluoride 



J(,. Potassium Biiodoite 
1. Sodium Sulfite - 



jn. Sodium Thiosulfite 

ji. Dilute Sulfuric Acid 

J). Sodium Azide 

J). Sodium Acel^te" 

J}.' Concentrated Sulfuric Acid 

r. Soluble Starch 



f . 



ERLC 



60 



Page 58 of 168 



n ■ ' If - 



Consumable Supplies - II * . 

!• Small wad of cdtton 

\ 

Z. 10 g. potassium dehydrogen phosphate, KH2PO4 

3. 25 g. dipotassium hydrogen phosphate, K2HBB4 

4. 35 g, di sodium hydrogen pHosphate heptahydrate, Na2HP04,7H20 

5. *3 g, armioaium chloride, NH4CI 

6. 25 g, magnesium sulfate h^ptahydrate, MgS04,7H20 

7. 30 g. anhydrous calcium chloride CaCl2 * 

8. 1 g. ferric chloride, FeCl3 ^ . , 

9. Manganojjs sulfate solution*, alkaline iodide- azide solution*, starch 
solution*', stan^dard sodlvum thios'ulfate solution*, ancf concentrated 
sulfuric acid*. - 



4 



10. Pen or pencil 

11. Paper (for recording data) 

12. Grease pencil 



* * Listed in the EMP on the Winkler Determination of Dissolved Oxygen azide 
, modification. _ 1 • 
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■ Check List - II 

Chemical Name^ : f 

Place number from "consumable" list by matching 

. ^a. Calcium Chloride Di hydrate 



b. So^dium Chloride 



c. Ammonium Chloride 

d. ' Ferrous Chloride . c 

e. Potassium Dihydrogen Phosphate 



_f. Magnesium Sulfate Heptahydrate 

Ammonium Chlorate 
_h. Calcium Chloride, Anhydrous 
i ; Ferric Chloride 
j. Di potassium Hydragen Phosphate 
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Consumable Supplies - III 

1. 721.8 mg anhydrous potassium nitrate, KNO3 

2. 5.0 g sodium' arsenfte, NaAs(J2 

3: 1 g. brucine sulfate, {C23H26N204)2-H2S047H20 

4. 0.1 g. sulfaniTic acid, •NH2C5H4SO3H.H2O , 

5. 3 ml concentrated hydrochloric acid, HCl 

6. 500 ml concentrated sulfuric acid, H2SO4 

7. 300 g. sodium chloride, NaCl 



ERJC 
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Check List - III- ' - 

Chemical Formulae: ' • , 

Place the number from the "cpnsumable". -list by. the matching formula. 
^a. KNO2' .• , 



b. KCl 



_c. HCl 
_d. KNO3 



_e. .NaClOs . . 

_f.- (C24H28N204)2-H2S04.7H20 

_g. NaAs02 ! ' ^ 



_h. (C23H26N204)2.H2S04.7H20 



_i. H3PO4 * . 

J. HN2C6H4SO3H.H2O 

_k. H2S04" ' - 

J. NaClO 

m. NaCV . 



•4" 
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Module No: 



AppcQ^Jine: 
1 hour 



Module Title: 

Basic Laboratory Skills 



Submodule Title: 
Gen#raK^kills 



' Topic: 

Matter 



Objectives: 

Upon. completion of thrs mqctule, the'-p?irticipant>should bg^ble to: 

1. Note and observe volume change of liquids as temfJerature changes. 

2. Note and obs.erve hydroscopic properties of sujj^ances. 



Instructional Aids: 



Dry. right, balance, hotpl ate, beaker, pipet 




InstriKtional Apf^ach: 
Demons t rat i"on 



References: 
None » 



Class A^ignn«nts: 



None. 



65 



Page 63 of 168 



Nodule Ho: 

» 


Topic: 
Matter 


. ■ /• 


Instructor Notes: 


Instructor Outiine: / 


Start with cold water. Warm 
to not more than 50° ^C. ' 

^* 


Demonstrate volume change of water and change 
in temperature. 


-if • 




Demonstrate .hydroscopic properties of NaOH and* 
dry- rite using ^a balance. 






Weigh some dry- rite from a desiccator. Let set 
and we^gh a secjpnd time. Note weight change. 

u 1 o \«u^^ iiuw Liic auu vc twu p rupciL 1 es OT fnax xer 
affect accurate measurement. ^ 


• 


< 


\ 

f * ' 


« 












* 
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Module Mo: 



Approx, Time: 
1 hour 



Objectives: 



Module Title: 

Basic LaboT*atory Skills 



Submodule Title: 

' General Skills 



Topic: 

Sol utions 



Upon completion of this module, the participant should be able to: 

L Calculate the concentration of a solution in mg/1 or ppm, given the weiqh^ 
' of solute in grains or milligrams and the volume of the solvent in liters. ( 
Calculate the percent by weight of a solute given the weight of solute and 
volume of solution, 
3. Recognize the letter N and M following nurribers as indicating that the 
number is describing concentration. 



Instructional Aids: 




<• 


Handout "Solutions" 






■ ■ ■\- 


— 




Instructional Approach: ^ 






Lecture ^ 







References; 



Basic Lab Skills, Engel Highby Wagner 



Class Assignments: 
Read handout 



ERiCy o 
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Module Ho: 



Topic: 
Solutions 



Instructor-Notes: 



Handout "Solutions" 



Instructor Outline: 



_ _j — , 

1. a. Discuss and demonstrate mg/Y 

concentration calculations J ^ 

b. Indicate the relationship between rfprn 
' and. mg/1 

2. a.' Discuss and demonstrate percent by'^ 

wei ght • cal cul ati ons . 



3. a. Discuss molarity and formality as rforms 
of q^emicaJ«^oncentration measurement.- 
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'SOLUTIONS 

, -Wastewater is a conplex combination of waterj'-fJoating arid 
settleable solids, and dissolved solids. It is possible ta)separate the 
conponents of wastewater by physical and "mechanical p^rocesses such as 
screening, settling, filtratioti and evaporation. Since this is the case. 



X— 



er|c- c 



the chemist calls wastewater a mixture ^ 

Let us take a sample of raw wastewater and run it 'thrc/ugW a very 
fine filter. All the floating and settleable solids wilT be removed. The 
filter also removes the turbidity. The filtrate , the liquid which comes 
through the filter, is a part of the original mixture. It contains water and 
dissolved soli d s . — T his j cle ar 1 4<tw4~4X)uldJbe_separ^^ more 
components by distilling off the water. The dissolved solids would be left 
behind.^ Thus the filtrate, too, is a mixture. But it is a very special - 
mixture called a solution . The term solution nefers to a homogeneousj mi^xture 
of two or more substances. The molecules of these substances are evenly 
distributed among one^another. Because we cannot see/any one component. A 
solution appears to be pne pure substance. The components .of a solution will 
not separate by settling. 

The subject of solutions has been introduced by looking at wastewater 

•4 

because it is a mixtures known to most of you.' However, there are many other 
solutions which are familiar to you. , We will now use some cormion solutions ^ 
to continue our stiSdy of tf^is important topic. ' 
Chemi-sx ^€-Tassfify solutions into three, major groups: 

1. Gaseous solutions V 

2. Liq^jid solutions 

3. ,Solid~solutions^ 
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We will look at each group separately. 

' G^seou§ solutions are made by mixing one gas in another. Air is 
a gaseous solution. Air is made of nitrogen, oxygen* argon, carbon dioxide and 
very small amounts of other gases. The molecules of each gas mix evenly to 
make a liomogeneous mixture called air. The molecules of carbon dioxide are 
heavier than the molecules of the other gases but they do not settle out. We ^ 
know that the amount of oxygen in a Sample of air can change. There is less 
oxygen- in a Sample from, the top of a high mountain than ther;e is in a sample 
taken at sea level. Therefore, we must eyid to our description of a solution 
this fact: 

^^^^ The composition of a solution is changeable. 

^ Liquid solutions are made by dissolving a gas, liquid or a solid 

in a liquid, tap water is a solution whiph contains dissolved oxygen. The 

oxygen molecules are mixed uniforjnly wi th the.water molecules tp make a ^ 

homogeneous mixture. The oxygen- molecules do not .settle oujt if the mixture 

is allowed to stand undisturbed. "Old Granddad" is an exartple of a liquid 

dissolved in another liquid! The alcohol molecules are dissolved uniformly^ 

in the water. We know this because every jigger tastes the same. The 

conponents of "Old Granddad" do not separate by settling. A sugar-water 

solution is an example of a solid diss^ved in a liqufd. The sugar crystals 

break up into molecules which mix uniformly with the water molecules. This • 

gives a mixture which ^is homogeneous and there is no settling.* We must note 

here that liquid solutions also, have valuable compositions.* Al«co hoi -water 

solutions have different .strengffis. Sugar-water so/lutions can be very sweet 

• ,1* > ♦ j 

and not so swe'et depending on the amount of sugar added. 
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* Solid solutions are solids in which the nolecules of one component 

are randomly mixed with the molecules of another component. An example of a 
solid solution, is brass, an alloy of zinc and copper. Sterling silver is a 
solution of copper an^^^i^ver. . _ ' 




We can now list the characteristics which are common to all 

solutions: 

a. 

1. Each component is broken down into molecules or atoms. 

2. The molecules or atoms of each component are mixed uniformly. 

3. No one component will^ srttle out. 

4. Solutions are clear and transparent./ 

5. The composition of a solution can vary. 

To complete our study of the nature of solutions we must note two 
^ properties of solutions. These properties apply to all solutions but in 
varying degree^. The first is the effect of mixing two substances on the 
total volume of the solution*^ Vftien •one li^er of alcohol a'nd one liter of 
^ water are mixed, the total volume is less than two liters. When sugar is 
dissolved in^ater, the volume of solution is larger than the original volume 
of water. Thus mixing two substances to make a solution may cause the 'total 
volume of sdfution to be greater or less than the total volume of liquid(s) . 
used.' 

The second property is a temperature change caused by mixing two 
different substances. When sulfuric aci-d,:.j42S04, or sodium hydroxide NaOH . 
are^^dfssolved In water, the solution initially becomes hot enough to boil 
or at .least form steam. Making solutions of either H2SO4 or NaOH should be. 
done slowly and carefully. Use aboi^t half the water required and add the 
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acid or base to the water slowly. Allow time for this mixture to cool. Then 
add the remaining ^vater required slowly. Most acids ^and bases Will *cause a 
temperature increase when mixed with water. The temperature increase results 
from the reaction of the water with the acid or base. Acids react with water' 
to^ produce electrically charged hydrogen atoms called hydrogen ions, ff*". 
Bases react with water producing hydroxide ions, OH"^. These two different 
reactions both produce heat. 

The temperature sometimes decreases when making a solution. When 
sodium thiosulfate, (Na2S203.5H20) , is added to water, the solution is 
initially cold. When you discover this problem in making a: solution you must 
,first dissolve the chemical in about half the required water. ATlow time foV^ 
warming. Then add the remaining required water. 

Before we go to a new topic, three new terns must be introduced: 

a. Solute 

b. 'SolveTft' 

c. SoTubtility • * ' ^ 
The st)lute is the substance which dissolves. The solvent is the substance 
which does the dissolving. For a solution, involving a solid mixed With a 
liquid, lihe solid is considered the solute and the liquid is the solvent. 
When a liquid is mixed with water, the water is the solvent and the other 



liquid is the solute. 
Examples 



4 



1. A salt-water solution 

2. An alcohol -water solution 

/ 



Solute-salt 
Solvent-water 

Solute-alcohol 
Sol vent-water 
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3. An acid-water solution 



Solute-acid 
Solvent-water 
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* * , Solubility is a term which describes the maximum amount of solute 
whicK will dissolve in the solvent. Solubility is a property of thfe solute 

not the solvent. Table salt, (NaCl), will dissolve in water. The maximum 

^, 

amount is 31.1 g. in every 100 g. of water. If the solvent is^ alcohol only 
0.051 g. of NaCl will dissolve in 100 g. of solvent. When gasoline is the 
solvent the solubility of sodium chloride is 0.000 g. per 100 g. of solvent. 
You can see that the solubility of a solute will change when the solvent is. 
changed. 

The solubility .of a solute in a specific solvent can ^# affected 
by temperature changes. In general, the solubility of solids increases with 
an increase in the temperature of the solvent. The solubility of sodii 
nitrate, NaN03, in water is 75 g. per 100 g. of water at 0^ C. and 127^g. 
per 100 g. of water at 60° C. 

^ , The solubility of gases decreases with an increase in the 

temperature of the solvent. The 'solubili^ of oxygen in water is about 15 mg. 
tn 1 liter of water at 0^ C. and about 9 mg. in 1 liter of water ^at 20^' C. 

The subject 'of solubility and the variable nature of the 
'Solubility of a solute suggests the problems of sfjecifyi^§ the actual amount 
of solute dissolved in a solvent. The problem is particularly important since 
many chemicals must be dissolved in water before they can be used. To solve 
the problem chemists have developed a hymber called the "concentration*' of 
the solution. The concentration number describes the amount of solute in a 
convenient volume of solution. Suppose 1 liter of solution contains 100 g- 
of potassium iodide. The concentration is 100 g. per liter of solution or 
simple 100;g/l of potassium iodid^^n water. If five^liters of solution 
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contains 750 g. 'of salt then the concentratio^is 750 .g. per 5-1iters. Since 

5 liters is not a "convenient" volume, We use a proportion to find that the. 

concentration is 15 g/1 even though there' are actually ^ liters of solution^ 

The concentration of a solution can be. found directly using the 

formula below: 

Concentration = weight of solute 
voOume of solution 

For example, 600 mg?Vf NaCl is dissolved in 0.5 1 of solution. The 

concentration is: ' 

Congentratfon - 600 mg. 

0.5 1 




Now we simplify the concentration number by dividy(g th^ denominator 
and the* numerator by 0.5 



or 1200 mg/liter 

Tl^e concentration is normally reported in the units mg/1, g/1 or 



Concentration = 1200 mg 
1 liter 



ppm. If the weight and volume data are given in units other than milligrams 
or grams and liters, you can change the given ^jnits by the appropriate 
conversion factors. Then use the formula given. Remember that 

1 ing/l =.1 ppm , 

1000 mg/1 = 1 g/1 • ' 

Two other units of concentration coimionly used in chemistry are 
nonnality (N) and molarity (M). These ^e examples of the two units: 
0.25N H2SO4 -- means a .025 normal solution of sulfuric acid. 
^ 2 M NaOH ~ means a 2 molar solution of sodium hydroxide. 
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Module No: 



Approx. Time: 
1 hour 



Module Title: 

Basic Laboratory Skills 



Submodule Title: 
General Skills 



Topic: 

Dilution Techniques 



Objectives: 

Upon completion of this module, the participant should be able to: 

1. Make single step and multiple step dilutions of concentrated samples and 
perform calculations taking into account dilution factors. 



Instructional Aids: 



Handout: "Dilution Techniques" 
Pi pets 

Dilution Blanks 
^ 9 



I 



Instructional Approach: 

Lecture 
Demonstration 
Laboratory Practice 



I 



References: 

Standard Methods for the Examination of Water and Wastewater, 14th Edition 



Class Assignments: 



Read handout 

Participate fn laboratory practice sessions 

75 
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Module. Ho: , 


Topic: 






Dilution Techniques 


Instructor Notes: ' ' 


1 In^trurtnr On+l-Jni*^ • ' ( \ 






V 

Discuss dilution techniques. , 


^Handout* 

Dilution Techniques 




Demonstrate dilution techniques. 

Discuss and ddhionstrate calculations related to 
dilutions. 












• 

• 








• 


• * 


• \ 

; 

• <•* 

Ik 






1 

* 
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DILUTION TECHNIQUES . 

Sample dilution is necessary when the concentration of the entity 

being measured is too great to be determined by the technique employed. vBy 

diluting the sample with distilled water, or other solution free of the- 

entity being measured^ its concentration can be brought within the range 

where it can be accurately measured. 

There are two basic methods. of dilution, serial/ dilution and 

J * 

parallel dilution. In serial dilution a known vol ume-1^ transferred to a 
dilution blarik plus the sample is used for the next transfer 1:10 and 1:100 
serial dilutions are shown on pages 75 and 7&. 

Parallel dilutions are made by always removing a known volume 
from the sample bottle an'd using dilution blank| of various sizes to make 
the proper dilutions. This technique is diagrammed on page 7J. 
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1:10 Serial Dilution Technique 
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1 ml . actual sample 



0,1 ml- actual sample ^ 



^^^^^0^01^ sample 



il. actual sample 



0. 0001 ml. actual sample 



fage 211 1^ 



1:100 Serial Dilution Technique 
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1 ml. actual sample 



0.1 ml • actual sample 



• 0.01 ml, actual sample 



0*001 ml.^ actual sample' 



0.0001 ml. actual- sample 



0.00001ml, actual sample 



I 0.000001 ml. actual sample 



0.0000001 ml. actual sample 



T7 
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Module No: 



Approx. Time: 
1/3 hour 



ftodule Title: 

Basic Laboratory Skills 



Submodule Title: 
General Skills 



Topic- 
Incubators 



Ob^tives: , 

'Upon completion of this module, the participant should be able to:. 
1. State precautions applicable to the care and use of all incubators. 



Instructional Aids: 



Handout 



Instructional Approach: 

Lecture 
Discussion 
/ 



References: 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, 

2. Carnegie and Wooley, Laboratory Manual for Sanitary Microbiology and Sanitary 
Chemistry, EPA, 1975* ; ^ 



Class A5sfgnn)ents: 
*ead handout 



Page 79 of 168 



Topic: ^ 
Incubators 




Include discussions of: 
Installation 
Temperature sensitivity 
Humi di ty 
Loading 
Cleaning ■ 
Differences 
IncludsdiscMSsion of: 

a. / -Installation 

b. Temperature sensitivity 

c. Loadin^g.^^^^^^^^y 

d. . Cleaning 

e. Difference's 



Instructor Outline: 



1. Discuss the precautions which must be||taken<.when 
using gravity convection and forced ^r 
inoculators. ' 



Discuss the precautions wHiqh must be taken when 
using convection and circulated water bath 
incubators. 
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Module No: 



jApR'rax. Time: 

2 hjours 



Module Titler - • ^ - 
















Submodule Title: , ^ 








General "Ski lis 








Topic: ' ^ 








Balances • ' 









Objectives^ 

Upon completion of this 'nxDdule, the participant should be able to:- 
State precaution^ applicable' to the care and use of all balances. 



Identify and use a triple beam balance with a range of 0 -'100 g, with an 
accuracy of ± 0.01 g. given the'^oalance and apprbpriate reference material 
Identify and use an analytical balance with an accuracy of^± 0;0002 g/ 
given Jhe balance and appropriate reference material. 



• — r 

Instructiona.1 Aids: 

Analytical Balance 
IJeights 
Beam Balanjce 



Instructional Approach:- 



Demonstration* 
Lab 



References: 



5 



Analytical Quality Control^ USEPA, Technology Transfer 



jClass Assignments: 



|ft|rticipAte in laboratory practi-ce sessions 



1 - 
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Fiodule lio: 



Inst ruttdr* Notes; 



\ 
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Topiq: 
Balances 



Instructor OutHnfe: 



1. Discuss care and- preventive maintenance 
of balance. 

2. a. Discuss ^and ^demonstrate the use' of a 

triple bfeam balance. 

. b. Have participants use a triplej)eam 
balance. 

3. a. . Discuss and d^onsTfate the use of an 

analytical balance. 

b. Have participant, weigh an^ object on an 
artalytica^balance. 

c. Have participant weigh an object on two 

different" analytical balances Compare 

•the weights. Discuss the consequences 
- ' of the results. 

V 

4. Discus^ the use .of ofher'types of balances. 
Ex. electronic 
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Module No: 



Approx. Time; 



1 hour 



fiodule Tltlej^ i 

Basic Laboratory Skrlls 



Submodule Title: 
Chemistry Skills 



Top,ic: y 
Analytical Analysis . 



Obje.ctiv^es: 



\ 



Upon completion* of this module, the- participant should be able. to: * 

1. Differentiate between volumetric^ gravimetric and colorimetric analysis, 

2. Differentiate between precision and accuracy. 



Instructional Aids: 
Volumetric gl assy/are, filtration setup 
Spec. 20 of filter photo meter ■ 
Overheads • ^ 
I. Precision and accurac)^- 
Hancjouts ' " ^ 

1. ' Laboratory analysis 

2, Precision.and accuracy 



Instructional Approach: 

Lecture , / 

Demonstration ^ 



Re f fences : 

Simplifieb lab procedur/ for Wastewater Exaifii nation, WPCF, 1971. 
Analyt>€^ Quality Control, USEPA TEchnology Transfer 



Clas^Assignmcnts: 
Read handout 
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Topic: 

Analytical Anelysis 



Instructor Notes: 



Handout: Laboratory Analysis 



Show using aUnown volume ancj 
. concentrationXto def ermine' 
the concentration of second, 
known volume-. 

Show^ filtration ?"^^^hing. 

Show the development, of a 
color in proportion to ' 
concentration. 

Overheads 

Presicision and Accuracy 

Handout: Precision and 
Accuracy 



Instructor Outline: 



Discuss volumetric analysis, gravimetric 
analysis, colorimetric analysis. 

Demonstrate an example of each type of 
analysis. 



3. Define Pjf^cision and Accuracy. 

Discuss precision aird acc^cy and how^'-theV 
rebate .to average and standard deviation.- 



J- 
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- LABORATORY ANALYSIS ' . • 

The laboratory analysis of wastewater deals with the detection and - 

quantitative estimation of the substances present in wastewater and the 

effects of^these substances on the, treatment process. In one type of analysis 

known as "qualitative analysis", the. operatar sets out to detect the different 

s-ujjstance^- tPi^it may be present fn the wastewater -being tested, in 

"quantitative analysis "'."the operator attempts to determine exact amounts, " ' 

. *\ ' 

by weight or by volume, of the various substances in a known weight or ' 

■ / . 

. volume of the w^tewater -sample. Quantitative analyses are madfr volumetrically,, 
gravVnetrically, or colorimetrically.^^ > ^ ^ ^ 

Volumetric Analysts .V ' - ^ 

In laboratory procedures classified as volumetric analyses, the 
op^ator measures the amount of a solution of knSwn concentration that reacts 
quantitatively wtth a "particular substance in the solution of a weighed or 



.^otherwise>eieasured portion of the original sample. The weight of the material 
bein^^ "sought is found indirectly from the amount of the known (st^dard) 
solution that is required. The 'means of detecting the completion or "end- 
point" af the volumetric reaction is the indicator. The process of finding 



\'heii 



imount of the standard solution required called a "Jitration". * 



1 



Gravimetric» Analysing- . * \ , . . ' " 

' , , In laboratory p'rocedures classified as. gravitretric analyses, the .. ,^^> 
operator measures, the sample of wastewater or sludge -and then isolates and 
w'eighs an element. or one of its compounds. Examples of the gravimetric type 
of analj^ses are total solids (residue on ev^oration) and volatile solids 
' and suspended'solids. . 

1^ 
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Col or i metric Analysis ' ' 

Colorimetric methods of analyses have been developed for several 
determinations in an effort to find faster, more economical, and convenient 
ways of obtaining quantitative laboratory data. For a colorimetric method 
to be quantitative, it must form a compound with definite .color 
Characteristics which Vre dire.ctly proportional to the concen-^ration -of the 
'substance being measured. Colorimetric meas.urements may be made in a wide 
range of equipfnent. '-The wastewater treatment plan,t operator may yse standard 
col or- comparison tybes, photoielectrij: colorimeters, or spectrophotometers/ 
Each has its place -and particular application in v^stewater analysis. Color- 
• comparison tubes; soraetirne,!^ refeprad-to as Nessler^bes, have^been standard 




equipment" for making colorimetric measurements for many j^ef^rs. Precise Work 

with color? comparisQn tubes .requires the use of tubes ^of matched si?e. The^ 

' " ' ■ 

> main difficulty with^'their use is that the standard coror solutions often are 



unstable and ^ivery^tfime a determination Jias' to be made it becomes' necessary *to 
prepare a series of fresh' standards. The use of coTor tubes and standards 
is being replaced rapidly^by the photoelejctric and spectrophotometric me(^ods 
largely because of convenience anfl Accuracy. ' * . 





ACCURACY AND PRECISION • ^ '-^ a 

\ Accuracy is defined as the closeness of a measurement'or series, 
of ^^ W^^ meBSurements to *the true value of the quantity measured. 

In goRtrast, precision or repeatability might be defined as .the. 
closeness of a number of measurements to a common Value, but not necessarily 
the true value./ Precision'is desirable but its attainment is not proof that 
an accurate Series of measurements has been made, since constarft SQurces' of 
error may enter into all of the measurements in ~a series. These errors 
might fall into one of two classes some being determinate' and, others 
indeterminate. The determinate errors may be discovered, anrfT:orrected for 
or eliminated; while the indeterminate errors essentially are obscured Wd 
unknbwn. * . . 



, . • ■ J ■ 

Determinate errors may be: • * * 

1. Personal- errors due to factors fbr which the operator is res pons it) le;- 
Such "as neglecting to read a buret properly* inability to identify color 
'changes, failure to rmx volumetric solutions compl^ely, or mis -reading 
values marked on smaftT^e.igbt^. \ 

2. Instrumental errors^ due to the Instruments. Imperfect weights , 'vol umetTic 
glassware, and-balances are sources of instrumental error. 

3., Errors in method, including those due to such things al the use of an 
improper temperature or time of drying of a solids sample. ' 

;In general, no laboratory result should be i;ejected except for an 
obvious source of^error. Measurements that vary-widely from the mean (or 
average) may be omitted when determining aa average if a reasonable 
explanation- is, given. For instar>ce, in a series of four' parallel' observations 
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Or determinations, if one of the four is greatly different from the other 
three, ' it might be o^nitterf. * • , 

?n any measui4ment only" one uncertain figure, should be retained. 
An uncertain .figure is tRe result of an estimate between division on a scale. 
For. example', on a buret which is calibrated only to tenths of ml, the 
reading would be estimated to the nearest hundredth. Weights in grams shoul'd' 
be recorded with four, figures to the right of the decimal point (foV example; 
4.3267 g). Following the rule that only one uncertain fi^gure is retained in 
recording a measurement, the numbers thus set down are considered to be 
significant figures. In rounding off measured or computed quafntities to t\\e 
proper number of signfficant figures 1 should be added to the last I 
significant figure'in the next position is^.or greater. For example, in 
■weighing, 4. 32567 g would be rounded off to 4.3257'g.'%- ' -< 



V 
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Module No: 



Objectives: 



nstructi'onal Ai^dS;:- , 

Handout; -Vol umetrij: Glassware 
Volumetric gTassvs^are- 
Tttration setup. 



1 jsVv^ 



0 

ERIC 



3^. hours 



Module Title: 

Basic Laboratory -Skill 



Submodule T1t^e^ 

Chemistry J'Sici lis 



Topic: 

Volumetric Glassware 




Upon completion of this module, the participant shoyld be able'^to: 

1. Detnonstrate the proper use' of the following typesj.of volumetric glassware: 
Buret, volumetric flask, pipet; * • . . 

2. Indicate thfe difference between glassware calibrated to' contain and to 
- . xleliver.' - /^^ ' / • / 

3. Conduct a titration of a strong acid witH a st>*ong base^ u§ing a color end 
. point using proper vb^liinetric technique.. ' \ 



instructional Approach: 

Lecture * - 

Demo)istration 

Lab " ^ ' 



/ 



References: 



Standard Methods, 14th Edition - . ' 

Analytical Quality Control i USEPA, Technology Transfer 



Class Assignnicnts: 
Recid Handoug 



Participate in laboratory;'pracycei§iSS^OT^:S--^^^ ^' ^ ■ • . 




'Topic: 
Volumetric Glassware 
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Instructor Nptes;^: 



Titration 

Dilute 10 ml. of l N 
H2Sp4 to 100 ml. and 
.titrate with 0.1 N NaOH. 



(sTp. DuQpettej^ 



1 N H2SO4 acid 
.1 N RaOri 
end point, 



Base Ph'enolphythalei 



Handout: Volumetric 
Glassware 



Instructor Outline: 



,1. a. Demons tr^ the' proper use of /durev' 
' volura^ic flask and pi pet. \ ' 

b. Conducting a- titration. , 

^' ^iTffAT^^i °^ glassware .caliJ)rated to 'contain * 
and to deliver.. Indicate when each Is- to be'' 



V 



(deTi'ver'''''^* ^l""*^'^*" and to 



. Have participant pradtice titration techffE^- ^ 
by diluting an acid and titrating it wit^P V 
base usingta color en dpoint 



r 
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VOLUMETRIC GLASSWARE 



BUREHES 



pipetfes 



Burette Accuracy Tolerances 

Delivery, ml. . . 10 25 

ClaBS A (Predsion Grade) . ±0.02 ±0.P3 
Other than Class A. .. ±0.04 ±0.06 

Delivery, ml 50 100 

Class A (Precision Gr^de) . ±0.05 ±0.10 
Other than Class A ±0.10. ±0.20 

Automatic burettes with overflowf orifice for 
filling are very convenient for rapid repetitive 
titrations but cannot be relied upon to deliver 
within the accuracy tolerances shown in the 
table above be<^use of the somewhat inconsis- 
tent establishment of initial level a't the over- 
flow ajjerture. 

Schellbach burettes, which are considered 
very easy^ read, cannot be guaraiiteed to fall 
strictly within the stated tolerances because of 
personal variables in reading this type of burette. 



"Serological., 



-Mohr. 



-Volumetric TrMtftr. 



Volumetric Flasks 

Flasks not described as Class A*are calibrated at 20°C with the following tolerances: 

Capacity, ml , 10 25 60 100 200 250 ' 600 1000 

Tolerance, ± ml^ 0.06 '0.06 0.10 0.16 0.20 0.24 0.30 0.60 

^Fiasksjl^gnated "Class A** are ^Jibrated to meet N.BJ5. spedfications: 

Capacity, ml. .^10 ' 25 , SO 100 200 250 500 1000 

Tolerance, ± inl 0.03 0.03 0.05 0.08 0.10 0.12 0.15 0.30 




2000 



0.50 



PIPETTES 

■ Tolerances For Analytical Grade Pipettes 

Transfer Pipettes ' Meiiswring and Serological Pipettes 

Size Tolerance Size • Tolerance Size ^ Tolerance 

1 ml. . < . . .±0.012 ml 15 ml ±0.1)6 ml ' 0.1 ml.T. . .• ±0.005 ml 

2 ml ±0.012 ml 20 mL - ■ . .±6.06 ml 0.2 ml' .±0.00i ml 

3 ml.., ....±0.02 ml 25 ml ±0.0tfml * 1 ml ±o!o2 ml 

4 ml.,. ,...±0.02 ml 5qml ±0.^0 ml 2 ml ! ! ±0.02 ml 

6 ml ..±0.02 ml 100 ml ±0.16 ml 5 ml..' '..±0.04 ml/ 

10 ml ±0.04 ml 200 ml ±0.2aml 10 m^. ±o.06 ml 

■ . rkKM ^ =*=*-l^ ^ 

50 ;....±0.16 ml 



ERLC 



Page /95 of 168 ^ 



Module No: 



Approx* Time: 
3 Hours 



Nodule Title: 

Basic Laboratory Skills 



Submodiile Title; 
Chemistry Skills 



Topic: 

Standardization of/f^eagents 



Objectives: / • ^/ . 

Upon completion of this "modul^^the participant should be able to: 

1. Indicate the relationjffiip between normality and volume of two neutraTizing . 
. solutions OgT" the equivalence point. 

2. Calculate the weight of solute needed to make a solution of stated 
normality giv^n^ a list of equivalent weights. - ' 

3- 'Standardi 2^ absolution given a neutralizing primary standard, balance an^d 
volumetric glassware, ' , . .. 



Instructional Aids: 
* 

Titration .setup 



Instructional Approach: 



Lab 



References; 



Standard Methods, 14th Edition 



Class Assignments: 



98 



Module, No: 

9. ' 
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Topic; 

Volumetric Analysis 



Instructor Notes: 



KHP 
EWT = 

Base .1 N 



Instructor. Outline: 

• 



\ 



1. a. Explain the equation ml x N = -ml ;j n 

b. Work examples using data from topic on 
volumetric glassware. 



2. a. ^ Discuss hovf the normality of a solution 
can be determined. Give the equivalent 
weight of the solutej-^lveight of solute and 

* volume of solution*. 

b. Work examples 



3. a. Define primary standard 

b. Have. participant weigh out a given amount of 
primary standard and titrate it with a base. 

. c. Have participant calculate the exact 

• normality of the base from the abave.data. .. 
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Module 



Approx.-'T'ime: 

3 hours 



Objectives-: . ' • 

Upon completion of this niodule,^e participant should be able to: - 

1. Indicate the.^, relationship between concentration and absorbance. 

2. Identify the basic cbpiponents of a Spec 20 or other common laboratory 
spectrophotometer,, ' • • 

3. Set up, standardize and use a Spec 20 to determine the absorbance of a 
sample, given a Spec 20, sample, operating instructions and wave length 
of max absorbance of the sample. 

Indicate thp relationship between absorbanpp and transmittance. - 



Module title: ^- 

Basic Laboratory Skills 



Submodule Title: 

Chemistry Skills 



Topic: 

Colorimetric Analysis 



Instructional Aids: 

EPA video tape * > 
Overheads 

Handout: "Colorimetric Analysis" 



Instructional Approach: 

Ae^ture 
Lab' . 



References:. 

Effluent Monitoring Procedures, Nutriepts, USEPA 



Class Assignments: 
cRead handout 

Parti cipat^^vn laboratory prafctice sessions 



100 



4 



Module Ho: 
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Topic: - 
Colorimetric Analysis 



Instructor Wotes: 



Infractor Out/jne: 



Spec 20 . , - 
Overheads 

Handout: Colorimetric Analysis 
* EPA vi deo tape , " 



I 




1- a. Discuss. ;Beer'^ Law 



• b. Demonstrate Beer's. Law using nessler ' 
tubes and a KMn04 solution. [^'^"^ 

. a. Identify ' the- components of a- Spec 20. ' 

S^miJnI;f • "^T^"^"^ works' and wha 
Its purpose IS in the Spec 20. 

. -a. Demonsy^te the use of a .Spec 20. \. 

b. Have ftartici pants set-up. standardize 
and use the Spec 20. 

?nH't^L^^-J^^'^'"°"'^^"P i^etween absorbance 
and transmittance. : ■■^anv.q 



\ 

1 



. ' COLORIMETRIC ANALYSIS 

Use of a Spectrophotometer ' . . • 

General Description of Equipment Used in the Process ... 

Capital ' > 
, One Bausch and Lomb Spectronic 20 Spectrophotometer • , ^ 

*^ 2. 0ne-manufxicturer ;5 manual for the spectrophotometer 

3. Stitl, or other source of distillled water , ' 

4. Hotplate • . . ^ , 

5. One spectrophotometer cell - A set .of cells may be used only if the 
F cells are optically matched. One cell would be used for eath < 

solution. , . . ^ . 

B. , Reusable ' - 

1. \Brush'(for cleaning spectrophotometer cell) * 

2. Laboratory^ apron . y ' ' - ' 

-3. Safety .glasses - : » - 

• ' ' * 

4: One pen or pencil 

' 5. Notebook or data sheet (see page 1-23) for recording data ' ."^ " 

. ' ■ /\ 

6. Brush (for- dusting' spectrophotometer) \ 

7. One 2 liter beaker , ^ • ' ^ r • - . 

8. ' One 25'0'm1. beaker . ' 

9. One glass, stirring rod * , , 
' 10. One 2 Vi^er glass stoppered bottle " . 

11. ^One visible photeft^ube- (Bausch and Lomb catalog number 33'-^29-71) 

12* Onei infrared phototube (Bausch and. Lomb catalog number 33-^^-72) 

\ 13." One infrared filter (Bausch and Lomb catalog number 33-29-18) \ 
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*14. Ten soft tissues (for wiping the' cells) 

15. On'e plasti1c^squ6eze distilled watenbottle 

16. Sink or 1 liter container for rinsing soluti^ons . 
^17. One 1 cm. cell (to fit the Spectronic 20) 

C. Consumable ^ . " ' . ^ " • 

1. Soap ^: . •* . \ 

2. Sodium clichromate, Na2Cr207 " , ^ ♦ 

3. Concentrated sujf/ric acid, H2SO4 

It6nis A4, B7 through BIO, and CI, through C3 for cleaning the spectrophotometer 
cell% ' : ' • ' . ' 
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Use of a Spectrophjbtome.ter 



\ 



\ 



1. Analysis Objedltives: 
^ The user'af trie attached effluent monitoyHsng procedure will learn how 

to use the Bafiisch and Lomb Spectronic 20 Spectrophotometer for making 
col orimetri Ci/measurements . 

2. Brief Description of Analysis: 

' In .the field of water pollution analysis, many determinations, are ba^j^k 

on measuring the intensity of color at a. particular wavelength. In 

I' . ' ' ^ . 

-general, color is formed in the sample by some sort of preliminary 

^ ; ' ' - ■ - / . • ^ 

treatment Such as distillation or digestion," and then adding a color ~ 
developing rfeagent. The intensity of the color formed is related to ^ 
the amount or material (such as phosphorus) in the sample. As part of 
the analysis, color is also developed in a series of standards; in each 
of thei stari^dards is a known amount of, the nfaterial (such as phosphorus)^ 
of interest. ^-^A , calibration curve is made using the color intensities 
of the individual standards and the corresponding Ufnoiirits of material 
, present. The amount of material present in the sample is determined ^ 
.usi/)g the calibration curve. A Bausch^and Lomb Spectronic 20 
Spectrophotometer is an instrument used to measure the color intensities 
of the standards and sartiple. The word absorbance is associated with the 

words color intensity; i.e, a sample or standard which has a low color ♦ 

. 1 ■ ■ . • . " 

intensity vyill also have a 16w jibsorbance. 
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Equiprtfent Preparation * 

1. Cell cleaning 
Clean the Baus.ch'& Lomb Spectronic 20 Spectrophotometer' 
cell. 

a. For the rest of this effluent monitoring, procedure th^ abbreviation 
"Spec 20" will be used. 

2. Spec 20 cleaning . ^ 
Clean the Spec 20. 

a. It should be free of dust( dirt, and spilled chemicals. 
• b. The Spec 20 should be stored in an area where there is no danger 

that chemicals will be spilled on it. ^ 
c. The plastic cover -supplied with the Spec 20 should be covering 

the instrument whenever it is not*in use. 
If the power corcl is plugge'd into a wall,, outlet, remove it. 

3. Phototube \ ^ 



\ 



Check whether the proper phototube is in place^ 

■ \ 

a. See Section C for'instructions on changing the ^phototube >and. 
insertirrg the filter,. • , 

b. On the wavelength scale, note that below about 625 nm, the 
numbers are in black;. and that above 625 nm, the numbers are in red: 

c. If the wavelength* to be- used in the particular phototube (^ausch 
& Lomb Catalog number (33-29-71) should be used. , , 

'd. If the wavelength to be used is in the red z^one, ^^the infra-red 
phototube (Bausch*& Lom^ Catalog number 33-29-72)\and infra-red 
• ' filter (Bausch & Lomb" Catalog number 33-29-18) shocf.ld be used. 

■ ■ .■ 105 ' • '• ' 
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•B. Spec 20 
. 1. Warm up 
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Plug the power ^cord into, a wall outlet 
' a. 115 V, A.C. , 60 Hz ' • ■ ' . ' * 

2. Turn the power switch/zero control knob (see figure 1) ""'clockwise , 
until a click is heard. \ 

a. The instrument <is now turned on. " V ' 

b. If there is a pilot light on the instrument, it will alsd be on. 



c. The soland of the cooling fan 'may also be hg^rd. 



4 



3. Turn the power switch/zero control knob an additional: one half 

* \ 

clockwise turn. * - ' 

a. This will keep the needle from "pegging" during the wetnfi up - - . 
period. ^ , » * • * , ' . 

4. Wait ten minutes • . ' r * 
a. This is the warm up period. ^ » 

- . b. Ten minutes are generally specified in the manufacturer's manual*. 

However i. longer warm up pteriods than those specified generally give 
better instrument stability. ,^ ' ^ * . 

c. If the Spec 20- is old, a -longer than 10 minute warm up period may 
'be required; Twenty to thirty minutes would be. a suitable- warm up 
time. ' ^ . • \. • 

Operation 

1. Assemble the standards and samples. Whose color intensities are to be 
measured. ' - * 

2.. Set the wavelength control to the desired setting. • 

' * ' * 11 

' ' 106' ' . ' 
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a/ This setting win be specified in'the procedure you are. using . 

to determine the particular parameter, 
b. Always app^ach the desired setting* by turning the knob 

' clockwise. ''^ . ^ . 

3. If the sample^holder cover is open, close it. 

a. It should be closed unless a cell is being inserted or removed. 

4. Turn the power switch/zero control knob until the needle reads 
infinite (symbol ) absorbance. ' 

a. . Use the absorBance. (lower) part of the scale, the other (upper) 

« ' r * , ^ ^ 

^ half, of the seal? is marked iw. transmittance. 

b. . The words absorbance and coloi* intensity are related;^ i.e. 

if a solution has a low' cql^or intensityJ^Tt wTll al^o*hsfve a low 
absorbance. . * ' 

5. Fill the cell with the blank. 

I • • 

a. Also sonietimes called the 2ero standard. 

6. . Empty tne cell into the ^ink. ^ " 

7. Fill the cell with blank'. ^ ' ^ 

8. Empty, the cfell into>the- %ink'. * * ^ \ 

• ' '» ' 

a: The cell has now been rinsed twice With solution. 

9. Fill the cell with blank'. - ^ v 

a.; Three -fourths full.^ Estimate thi^s volume. 

, • ' . - ' ' \ 
10. Thoroughly wipe the outside of the cell with a tissue. 

. . • \ ■ .V 



11. 



a. So as to remove fingqr'prints and any spilled solution, 
Open the sample' holder cover. 
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12. SloVly aad gently slide the Cell down /ntoT the sample holder' as "I 
far as it will go.. 

a. Db not force the cell down.. . , • 

b. The needle' win move away frpm the* infinite absorbance setting. 
13: Slowly rotate the ce>V"^ntil t|ie white vertical li'ne on t^fe'cell is: 

, in Tine with th^ ridge on thj^^dge of the sample hbl-der (see figures 
. 2 and 3), ^ 

14. ' Close the sample holder^^over. 

15. Turn the Tiqht control/knob until tjie needle reads zero absorbanfce. 
^a. Use the absorbante^scale for a'lKof the readings. ^ 



16. Record an abso-rbanc$ of zfero and a ooncentratiph of zero for this 



• / 



solution. 

a.' ^:^H^dmple data sheet is on page 23« 
17 X Raise xhe sample holder cover. 
.18. Slowly- remove the cell. ^ ^. \, ; 

£t. 'No solution should be spi]lecj on^^ 
19. Close the co\?erv 




inside of instrument. 



a. -The' needle' sh*ouTd return to the infinite absorbance setting. 
If it does nqt, reset it with the pbWer sw.itch/zero control \^ 



xknotj; 



^ b. .If-^t was necessary to reset the infinite absj[>r5ance reading, • 

* *^ ft 

repeat ^teps* 11 through 15. . ^ . ^ ^ 

20. Empty tite contents af the cell into the sinK'. - • ' ' 

21. Fill the ceM with Jap We r;" ^ 

^ 22'. Empty 'it into the s.4nk." T ^ * * 

^ .108 ■ . \ :"' 
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2^ Fill the. cell with tap water. ^ ^ ^ 

24. Empty it into the sink. 

25. Fill the cell with distilled water. ^ • 

26. Empty it into the sink. ^ .* ' 

27. Fin the cell with distii lied water. ' ' " 

28. Empty it into .the sink.* * * . ' 

29. Fill the cell with the next solution Vfhose color intensity (absorbance) 

• A 

is to be measured. ' ^ 

a. In a set of standards, the absorbam:e of the lowest concentration 
standard is meas^ured second,- and so on, to the highest .con cent ratior 

standard. • ^ i 

* ^ ' ' • * \ ' - 

30. Empty i,t into the sink! - * . ,^ 

• 31., Fill the cell'with the same solution agffn. , - ' 

32. Empty it into the sink. • " ' 

33. Fiji the cell three fourths full with the same solution. 
34« Thoroughly wipe the outside of the cell with'a tissue. 

a. So as to remove finger prints and any.^pilled solution*. * :* 

35. Open the sample holder cover. 

36. Slowly and gently slide the cell down into the sample holder as far 
as it will go. - ^ ^ \ ' ^ 
a.. Do not force the cell down. 

fe. The needle will mov^ away from the infinite absorbanc6 setting. 

37. Slowly rotate the cell until the white vertical Ijne on the cell is 
^ in line with ridge on the edge of the^ sample holder (.see figure 2 itr^S). 

38. Xlose the sample holder cover/-* ^ ' ' 
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39. 


Record the absorbance and concentration of this solution* 




* C ' 




a. 


While looking at the absorbance scale, notB that ip some parts 
of the scale, the tMrd^^place to the right o^ the decimal will be 
an estimated number, while. ia other parts, the second place will 
'be an estimated number. " • ^ , 




\ 




b. 


Absorb'ance values of greater than 0.7 are considered to be 
inaccurate. For this reason, about ttef^e sample dilutions are 
usually done so that at least one will give an absorbance of less 
than 0.7. If one of 'the standards happens^ to have an absorbance 
of greater than 0.7, it -should not.be used. • , 


i 






c. 


If a great number of measurements are to be made at a particular 

4- 










tjime (e.g., a great number of phosphorus absorbancies are to be - 
measured), steps^4 through 15 should be repeated every fifth 
measurement. ' • . 






. - 


d. 


Recall that step 4 was done with no cell in the instrument. 








e. 


This is an insurance against "drifting." of the setting. 






40. 


Using each of. the rest of the standards in ^sequence, and samples, 
repeat steps 17 through 39. , ' . 






- 41. 


Repeat steps, 17 through 28. ^^^^ 






42. 
. 43.' 

/ 


Store the cell until it is again needed. 

Turn the power switch/zero control knob slowly cour\ter clockwise 

.... " 

until a click is heard. 




- 




.a.' 


If the* instrument has" i pilot ^ligfrt,..1t wfll go out. 








b. 


♦ » 

The Spec 20 is turned off. 








If 


. - - .. , 
a plastic cover was supplied with the Spec 20, it should now be 
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. replaced. liO ' < ' **• 

♦ 


i 
t 



V 

4 
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C. Phototube Changing- ' ' ^ ' ... 




1. Turh the power switch/zero control knob slowly counter-clockwise 




until a click is heard. 




a. The instrument may already be turned off. • ' 




b. If* the instrument has a pilot light, it will go out. 




* 

t C The Spec 20 is tilrned off. <^ . * 


• 


• m 

2. Remove the power cord from the wall, outlet. 




, a. The power cord may already be removed from the wall outlet. - 




3. Tilt the Spec 20 away fjrom you.' 




a. The Spec 20 should be standing on. its back. 




. ^ b. * The bottom of theMnstrument is facing you> 


- 


; c. This position is somewhat unsteady. Be careful not to knock the . 


t 


instrument over. 




4. Steady t-he instrument with one hand." 




5. Loosen the thumbscrew with the other hand (see figure 4).^-. . ^ 




X ♦ . . ■• ... 












f 

* - • * 


i 
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PHOTOTUBE 



FILTER 
HOLDER 




ERIC 



J 



BOTTOM OF SPECTRONIC 20 
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CORRECT 
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SCALE 
NEEDLE^ 



PILOT LIOHT 



/ 



SAMPLE 
HOLDER / 
COVER ^ 
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COMPARTMENT 

POWER SWITCH/ZERO 
CONTROL 



IWAYELENGTH 
CONTROL 
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WAVELENGTH 
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Moduje No: 



^i>prox. Time:. 



Objectives;. . ^ o . 

^Upon completion of this module, the parti pant slioi^'^be able tor 

1. Prepare a standard .curve by plotting absort)ance vs. concentrati.on of 

standard solutions and use the standard curve to determine the concentration 
of an unknown sample given its* absqrbanc^ ' ' \ * t 



/ 



r fwur. 



-Module Title: 

Basic Ubdfatory Sl^ills 



Submodul^. JItVe.: 
Chemistry SMl.ls 



Tdpic: 

Standard Curves. 



nstructiona! Aids: 
Handout: "Standard Curves 



Instructional Approach: 



Labv 



\ 



References: ^ . '% 

Ef;fluent"Htoni toring Procedures, Nutrients 



Class Assignments: ' 
Read handout 



lis 



,0 * ' * 



Module Ho: 



Standard Curves 
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Instructor Notes; 



Handout 

Standard Curves 



Instructor Outline: 



a. 
b. 



Discuss the use .of standard curves. 

Demonstrate the make up of the curve 
and use of it to determine the concent ratio 
of a solution. • , 



c. Work handout . 

d. Have participants, make up a series of - 
, known standards and determine the 

concentration of an unknown usina 
^ techniques from^the topics Colorimetric 
' Analysis. and Standard Curves. 



J 
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STANDARD CURVES 



Preparation of Calibration Graphs 
1.* Analysis Objectives: 

\ 

. The learner will prepare a calibration graph and will use' it to determine 
the concentration of a chemical constituent in a sample or sewage effluent, 
- , The yard concentration means how much of the chemical copstituent is 

present in a certain amount of sample; 1,0 mi Tli gram/1 it^r:*is ari.example • 
value of concentration, ) , I\ 

Brief Description of Analysis: 

In the field of.water pollution analysis, calibration graphs are commonly 

\ 

used in two areas: Absorbance and transmittance nieasiiFements, In the 
first case, energy is absorbed by some ch*nical constituent in a 
solution. The amount of energy absorbed or transmitted can be related 
to the (quantity of chemical constituent in a watef sample by means of a* 
calibration graph. Examples of absorbance 'measu^eemen-ts are colorimetric 
determinations, such as nitrate or phpsphate using a spectrophotometer, 
and the determinatfon of mercury or iron using atomic absorption, j^xamples 
of transmi ttance measurements ^ are the determinations of sodium or 
potassium using flame photometry. 

Two things mus-t be done in order to prepare a calibration graph. A 
series of standards must be prepared. A staffdard is a solution which 
contains a known amount of- the same chemical constituent which is being 
determined in the sample. Secondly, the absorbance or transmi ttance of 
these standards must be measured. 

In order to^ actually determine how much of the .chemical constituent is 
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in the sample, the.absorbance- or.fransmittance of the 'sample must first 
be <ietenTiined. The amount of chemical constituent is then read from the 
calibration graph*. ^ 

For the sake of simplifying'the instruction, absorfaance' values only will 
be used in the following procedure. 

6ra(5|i Paper " 
1. General Comments . . 

a. Remove the page containing figure 1. .| 

b. Lay it on a desk or any other place where jit will be convenient 
^or you to. write on it. 

1. For the remainder of this procediTe, you will actually use^ 
figure 1 and some example ab^orbance and concentration values 

^ -to prepare a calibration graph." Additional figures are also 
included to demonstrate the instructions. 

2. You will have -to furnish your own piece of grapb paper when 
you want to prepare other calibration graphs, ' - 

Z. Labeling the graph paper ^ 

a. Draw two lines on figure 1 so that it looks like figure 2. 

1. Use a pencil, since you may have to do^'some erasing during" 

. r - 

the preparation of the calibration graph.,- , 

b. Label figure 1 so that it looks like figure 3. ^ 
1. mg/1 stands for'^mi Hi grans per liter;. It is an expression 

• Of concentration. If the amount of chemical constituent 

' present in the sample is extremely small, the label mg/1 
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(microgreftns per liter)^ might be used. A stands *f or' . • 
absorbance. * * * ' * . 

The iTig/1 line is* a horizontal line. It is called the X.axis^i ' 

or abscissa. The'^.line is called the Y axis, or ordinate.^ 

"\ . ^ ' -r . " 

Examine- the example^absorbance and concentration values, in the> 




column heliw. 

1. mg/1 r ' . A 



0.0 , 0-000 

* , «S.O . . \ ^ ■ 0.060 

it).(r . ' 0.120 

20.0 ' \ . . 0.2^0 



30.0 ... 0.340 . ' .- 

BOtG^ > ^ ^ 0.590 ' • ^- , 

A of Sample = 0.180 ' . 

2. It is data for a seri.es of standardsx^ 

3. Each pair qf, values {e.g. 570 ^ind 0.060) represents a point on 
the graph. » ^.4. ' . \ ^ 

4. , Later, you will complete the calibration graph by drawing a 
i straight line through the seven" points . - 

d. Note that the mg/l'^value'fs'*0;O '^dndtthe.highest ,is. 50,0* 

e. Mark the. mg/1 axis on figure 1 so that it looks like figure 4. • 
1; Note that the entire length of the mg/1 axis was u|ed. Always 

use as much of this line as is convenient. Do not, yftJr 
. example, use only onfi^-half of the mg/1 axis to mark off the 

"values. ' v.. . 

122 ' ^ ' 



« 










2. AlSo note that each of the large squares is marked as a whole 






number of mg/1 . • • ' 






3. Two of the smaller squares equal 1 mg/1. 




f. 


Note that the lowest A value is O.odo and the highest is 0.590. 






' 1. It is generally not considered good practice to have A values ;^ 






greater than 0.6 or 0.7. ' - 

< • 




g. 


Mark the A axis on figure 1 so that it looks like figure 5. [: 










♦ 


1. Note that the enj:ire length of the A axis was used. Alwa^ys ^ . 






us« as much of this line as convenient. Do not, for example 






use only one-half of the A axis to mark off the values. 

* 






2. Also note that each of the large squares is marked as a whole 






number of A units. " ^ " 


y 




3. One -of the smaller squares equals 0.01 A units. » 


/ 




4. If transmittance measurements were being made, the Y axis or 


f 




ord.inate, would be marked T. T axes are always marked from 






^ ' 0 bottom of axis) to lOQ (top of axis). 




3.^ Drawing the calibration graph 


• 


a. 


On figure 1 df^w a vertical line:.from Chg^ 50.0 rng/l point of the 






,mg/l axis to the top of the graph-. , ' 






1.^ Figure 1 should now look like ^figure 6. 






On. figure 1 draw a horizontal line from the 0.590 point of the 


- • 




A axis to the right side of* the graph. ^ 


• 




K 

1. Figure 1 should now look like figure 7. 






2. The intersection of these two Tines is the point represented " 






by a concentration of 50.0 mig/1 and an absortarfce of 0.590, 
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c. Using the jame* technique as rn 1 and 2 above, locate the next 
five points on figure 1. • ' 

1. The point located at 0.0 and 0.000 is at the intersection 
of the mg/1 and A axes. * ' ' * 

2. Your graph should now look like figur^^. Some analyses may 
require more than five points; / . . 

d. Lay your ruler on figure 1. , . 

1- So one end of it lies at the 0.0 - O.OOO point, and at the 
50.Q - 0.590 point. 

e. Look along the edge of the ruler. 

1. ^fhe other five points (represented by the intersections of the 
.horizontal and -vertical, lines do not all Ite along the edge pf 
, the ruler. . . 

f. Draw a line between the 0.0 - 0.000 &nd the 50.0 - Q.590 points. 

1. Note that soitie of the points lie slightly abovie' the line, 
some lie slightly below the line, and some lie on the line. " 
If one point is considerably off the line, some error in 
preparing the particular standard was probably made. 

2. This is the line of best fit for the seven points. Alwao^s draw 
the- line of best fit when preparing calibration graphs. 

3. The calibration graph is now complete. 

4. Figure 1 should now look like figure 9. 

5. After you have prepared ^ few^ calibratidri graphs, you will find 
that you w,on*t hav?, to draw the .horizontal and vertical lines 
to locate the points. • YouMl be able to move your pencil 
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\ 

along the graph paper and put dots at the appropriate points. 

* 

You'll then draw the line of best fit through them to the 

- <? 

' . 0.0 - 0.000 point. \ * 

4. ' Determining the concentration of the chemical constituent in the 
„ sample. ' ' . 

a. Locate 0.180 on the A axis. 

1. This was the absorbance of the sample 
- * b. Draw a horizontal line to the right side of the paper. 
1. It should now look like figure 10. 

c. Locate the intersection of^this horizontal line and the sloping' 
calibration grgph. 

d. From this intersection, draw a vertical line down to the'bottom^ 
of the paper. 

1.. It shouTd now look'-slike figure 11. * 

e. Note that the vertical line crosses the mg/1 axis at 15.3 

1. ^Recsill that on the mg/1 axis, 2 of the small squares equal , 

1 mg/1. ' , • ' 

2. 15.3 mg/1 is therefore the concentration of the chemical^ 
constituent being measured in the sample. 

5. Sample dilution ^ * r 
a. If it was necessary to dilute the sarrp^le, the value read from 

\ the mg/1 axis must be multiplied by a dilution factor. 

1. The dilution may have been necessary so that the A value 

for the sample would not be greater than the A value obtained 
for the highest concentration standard; 0.590 in this set of 

example data. 

• - ■ . • ' 125 ■, • , 
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2. The dilutidh factor is the ml. of sample taken for *di iut'i on , 
divided into the ml. tq which it was diluted;, e.g. , ir-lO.O 
ml. of the original sample Were dil-uted to 1000 ml. (as in a 
•volumetric flask) the dilution factor would be ip00/l6, or 100/ 

3. ,In som6 determinations, , you maiy prepare more thhn one dilution 
of the sample. j.ook at the mg/1 axis of figure 1 and assume 

- that three dilutions of the^^airple gave values' of 2.2, 24.0, 

I 

I , -** V 

and 4'8.0 mg/1, bfefore correcting for the dilution factor. If •. 

/ 

is common practice to use the 24v0 value, since ft Hes . 

' ^ o • 

nearest the middle of the calibration graph, l 



X'. 



ERIC 



'126 



FIGURE 4 
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Module No: 



Approx. Tiifle: 
1 hour 



Module Title: 

Basic Laboratory Skills 



Submodule Title: 

Chemistry Skills 



Topfc: 

Lab Supplies and Chemicals 



Objectives: ' 

Upon completion of this module, the. participant ishould be. able to: 

!• Demonstrate the use of lab.supply and chemical catalog in procuring lab 
supplies and chemicals. 



Instructional /Aids: 



Catalogs Chemical and Supply 



Instructional Approach: 

Lab ' • 
Lecture 



References^. 
None 



Class Assignments: 
Participate in laboratory practice session 

' • ^ 146 




Topic: , 

Lab Supplies'.and Chemicals 



Instructor Notes: 



Instructor Out/ine: 



a. 



Discuss lab and chemical supply catalogs, 

Grade of glassware, 'chfemicals and 
equipment. . 

Discuss shelf life and quantities to be 
ordered. 

Given a list of chemicals and apparatus 
have partiicipant make 'up an order. 
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Module No^ 


Module Title: ^ 

Basic Laborato»V Skills ^ — r | 


J 




Submodule Tftle: - « 


- 


Approx. TITO- 


Chemistry Skills 

• • 






Topic: . - 




30 Hin. . ^ 


Standard References • ■ ' . ^ 




Objectives,: 


• 


• 


Upon. completion of this module, the participant should be able to: 




1. List the standard references approved by the Environmental Protection 
Agency. .4 , 


- 






{ 

• 


Instructional .Aids: 


— — ^ 


All Standard References * 

\ ^ , " 


* 


Ins'tructional Approach: " ^ 




« 

Lecture ^ 


• 




References: 


• 


* 


Federal Regulations 3 


, Vol. 28, No. 199, pt2, bet. 1&, 1973- 

• * 




Class AssignnK?nts: 






None 








» ' - 



Moilule Ho: 



Instructor Notes: 
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Topic; 

Standard References 



Instructor Outline: 



r 



List .the standard references used .in water arid, 
wastewater labs. ) ' 

Compare the formats of the references. 

Discuss the use of, non-standard methods aiding 
with the value of. standard methods. 



r 
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Module No: 



ApprOx* Time: ' 

1/3 hour 
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ftedule Title: 

Basic Laboratory* Skills 



Submodule Title: - 

Microbiology Skills 



Topic: 

Laboratory Cleanliness 



Objectives: 

«• * 

Upon completion 'of this module, the participant should be able to: 

1, State the proper method of cleaning a laboratory, 

2, Identify the proper schedule and reason for laboratory cleaning. 



Instructional Aids: 
Handout: Laboratory Cleanliness 



Inst rue t i on a 1 1 Approach : 

Lecture 
Discussion 



References: , ^ . , 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition, 



Class Assignnients: 



Read handout 
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ERIC 



Module Ho: 



Topic: « 

Laboratory Cleanliness 



Instructor Notes: 



Handout: Laboratory Cleanline^ 

1. Include discussion of: 

i*' ' : ' 
a. Disinfectants 

^ b. Use^ of vacuum cleaners 

c. Cleaning tools 

1. Sponges 

2. Towels 

3. Scrubbers 

dj Cleaning and preserving 
stainless steel with 
mineral oil , 

2. Include discussion of: 

a. Daily wipedowns 

b. Weekly wipedowns 

c. Major cleaning days 

d. Garbage cleanup- 



Instructor OutHne:^ 




1. * Discuss methods of cleaning a laboratory used for 
microbiological analysis. 



Discuss cleaning schedules and rational behind 
the schedules . 

y 
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LABORATORY -CLEANLINESS " . 

A. Types of disinfectants 
. 1. 70% Ethanol 

2. Phenols i".e. 0-Syl ' ' » ' ' 

3. Quatemiary anmonium compounds 

4. Halogen compounds 

5. Activated si aldehyde i.e. cidex 

B. Use of disinfectants *. r 

1. V Weekly , ' 

a. Wipe down all shelves removing all glassware and books 

b. Wipe down all incubators, inside and outside ■ 

c. Wipe out inside of autoclave. 

2. - Daily 

a. :Wipe down tops of all counters,, large pieces of equipment 

3. Inmediately before testing disinfect work area • 
4.. Iimiediately disinfect spills ^ • 

C. Sources of Contamination 
. , 1. Dirt around lab • 

2. Spilled samples or cultures^ ., 

•3. Un-auto^laved bacteria.1 garbage ' ^ - ' 

4. Chemical contamination from use of glassware for both Chemi<;try 
testing and Bacterial testing. 
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Module No: 



Approx. Time: 
2/3 hour 



Module Tltl^: 

Basic LabQrfftxDqjt/Skills 



Submodule Title: 
Microbiology Skills- 



Topic: ^ 

Equipment Packaging 



Objectives: 

Upon completion of this module, the participant should be able to: 

1. Demonstrate the ability to determine how a pi'ece of equipment nin^t be 
packaged and labeled for sterilization. 

2. Identify reason for packaging equipment. 



Instructional Aids: 

Handout: Equipment Packaging 
Laboratory practice 



Instructional Approach: 

Lecture * 
Discussion 

Demonstration and supervised laboratory practice 



References: ' , 

1. Standard Methods for the Examination- of Water and Wastewater, 14th Edition. 



Cla?* Assignments: 
Read handout 

Complete laboratory assignment 
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l^odule Ho: 



Topic: 

Equipment Packaging 




Handout: Equipment Packaging 

1. Include explanation of: 

a. Why brown (nbn-bleeding{) 
Kraft paper is used. 



hen aluminum foil is- 
used. 



What a bacterial barri 
represents. 

r. In liquid 

2. In air 



er 



Instructor Outline: 



1. 



Discuss and demonstrate the choice and method 
of equipment packaging including packaging for 
steam and hot air sterilization. 



2. 
3. 



Discuss the purpose of the packaging. 

Have participant practice-by packaging an articl 
for sterilization. 



154 



Page 144 of 168 



EQUIPMENT PACKAGING 

^I. Preparatiorl 

"f * 

A. All glassware and filter funnels must be thoroughly washed in non- 

toxic detergent 



1. i.e. Alcono)C 



2. Removes bacterial scum from glassware 
IB. Rinse 6-12 times in hot tap water* 

1. Removes detergent residue 

2. Residue' is harmfu>to bacteria ♦ 

y 

C. Final rinse 1 - 3^imes in distilled water 

1. Removes mineral residue from tap water 

2. Prevents water sffotting 

D. Air Dry . . 

1. Any spot ijjdicates dirt 

2. Rewash before using ' 
Pabjcaging 

I 

Reasons for packaging 

1. Creates a bacteria bcfrrier 

2. Allows for storage of sterile equipment 
B. Proper labeling 

1. Define contents 

2. Date to aid in equipment rotation 




ERLC 
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-/ 



C. Proper package 

1. Brown Kraft paper ^ 

2. Aluminum foil ' , 

3. Glycine bags 

4. Misc. containers appropriate to sterilization method 
[II. Sterilization of equifftielrit .-^ 2 Acceptable Methods 

A, Autoclave 

1. All rubber, metal and glassware and some plastics 

2. *Normal cycle^l5 min. 15 121° C. 

3. Exhaust rapidly 

B, Hot air sterilizing oven 
1. Dry glassware and metal* objects only 
.2v Normal cycle 1 h^at Vl^^ C. • 



3. Allow to cool before use ' * 

4. Package pipets^ in metal containers 

5. Package other equipment with aluminum foiV 
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HqgImU ijo: 



Approx. Time: 
2/3 hour 



Objectives: ^ - 
Upon conpletion of this module, the participant should be able to: 

1. Demonstrate the ability to prepare and dispense microbiologicals , 

2. State precautions which must be taken to insure accuracy. ^ 



ftodule Title: 

Basic Laboratory Skills 



Subpodule Title: 
Microbiology Skills 



Topic: 

Media and Reagent Preparation 



Instructional Aids: 



Laboratory Practice 



InHructional Approach: 

Lecture " ^ 
Discussion 

Demonstration and laboratory practice 



References: ^ - . " 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition. 



( 



Class Assignments: 
Complete labpratory assignment 
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Topic: 

Media and Reagent Preparation 



Instructor Notes: 



1. Emphasize: 

a. Conplete dissolution 

b. Proper heating 

c. Accurate dispensing 

d. Careful sterilization 

t: 

2. Include: 

a. Measurement 

b. Overheating 

c. Under heating 

d. Sterilization 



Instructor Outline:. 



1. Discuss and demonstrate the proper procedure 
for preparation and dispensing microbiological 



2, Describe areas of common error and discuss 
/ precautionary measures. 



±^8 
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Module flo: 
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Approx. Time': 
^ 1/2 hour 



Module Title: 

Basic Laboratory Skills* 



Submodule Title: 

9 

Microbiology Skills 



Topic: / • . 

Autoclaves & Steilizing Ovens 



Objectives: ' •r * ' , . 

,Upon conpletion of this module, the participant should be able to: 

1. ^ate precautions applicable to the^use and care of all autoclaves and 

sterilizing ovens. ' - 

.2. Demonstrate the proper loading, cycling, apd removal of sterile equipment 

from an autoclave and sterilizing oven. i 
3. Differentiate between items sterilized in autoclave and those sterilized | 
' in a sterilizing oven. , . 



Instructional Aids:* 
Handout 

Laboratory Practice 



Instructional Approach: 

Lecture 
Discussion 



References: ^ ^ w 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition. 



Class Assignments: 
Read handout' 

Complete laboratory assionment 
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ilodule Ho: 



Topic: 

Autoclaves and Sterilizing Ovens 



Instructor Notes: 



Handout: Autoclaves and 
Sterilizing Ovens g 

1. Emphasize safety 



Instructor Outline: 



Discuss the precautions which must, be taken 
when operating: 



.a. An autoclave 
b. Sterilizing oven^ 



2, Describe care, and cleaning procedures for 
autbclaves and sterilizing ovens. 

3, Describe and demonstrate the proper loacling 
and use of autoclaves and sterilizing ovens-. 



4< Describe the type of equipment which is 

sterilized by each of the methods discussed. 



^ ■ 
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-5 , J 

AUTOCLAVES AND SHRILIZING OVENS 



Autoclave . ' " • , ■ . 

1. Before using read and_fonow manufacturers installation use and 
maintenance instructions and safety precautions. 

2. Normal sterilization = 15 p|i yielding 121° C. for 15 min,. • 

3. Use to sterilize liquids and non-heat sensitive equipment ' 

a. Most plastics are n»t aut'oclavable and sterilized by" manufacturer. 

b. Sterilized media and reagents must be removed from autoclave as 
soon. as possible after autoclave is opened. 

c. Glassware m^ be sterilized'iij autoclave but must be allowed to- 
- dry before rempvihg from autoclave. 



B. Hot air Sterilizing Oven - 

1. Before using read and follow manufacturers installation, us.> 
and maintenance instructions and safety precautions. 

2. Normal Sterilization = 1 hour at 180° C. ' 
3,. Use to sterilize glass and metal only 

' a. Rubber and plastics will -melt. 

• ^, b. ^ Liquids will evaporate and grow media components will be destroyed 
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Module No: 



P«9e li^L of -Hi 



Approx. Time: ' 
hour 



ttodule Title: 

Basic Laboratory Skills 



Submodule Title: 

Microbiology Skills 



/opic: 

Microscopes 



Objectives: 

Upon completion of this module, the participant should be able to: 



\ 



1. Stgte precautions applicable to the -care and use of microscopes. - 

2. Identify and use a microscope to focus a speciman given the microscope , , 
the speciman and appropriate reference materials. 



Instructional Aids: 

Handout: Microscopes 
transparancy on Microscopes 
Laboratory practice 

■ \- 



Ins tructlonal^App coach: 

Lecture 
Discussion 



References: 

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition 

2. Benson, Harofid, Microbiological Applications, Wm. C. Brown Inc., Dubuque, 
Iowa, 1967* " ^ • 



CJass Assignniqnts: 
Read handout 

Complete laboratory assignment 
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Module Ho: 



Topic: 
Micros cop 



es 



Instructor Notes: 



Handout: Mi croscopes 
Ik 

Microscope Transparancy 

1. Include: 

\ 

a. Handling 

b. Storage 

c. Cleaning 



Instructor Outline: 



1. Discuss and demonstrate proper care of a 
microscope; 



2. Discuss and demonstrate the proper method of 
focusing^and examining a speciman 

a. Using a compound microscope - --r " ^ 

b. Using a dissecting microscope 

3. .Differentiate between a compound microscope an 

a dissecting microscope by examining the 
cortiponents of each. ^ 



X 
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MICROSCOPES 
Proper Care ^ 

Regardless of whether a microscope is a conpound or 3dssecting 
microscope, they\ar§ Essentially similar. All contain a controlled light 
source and a geared mechanism for adjusting the distance between the object 
anid the lenses. When carrying a microscope, always use both hands. Grap 
the arm with your right hand and use your left hand to grip the base. Carry 
the scope directly in front of you. If it is allowed to swing at your s^ide', 
the microscope can easily be damaged by a collision with a door frame or 
piece of furniture.' 

Cleaning the lenses must he done with great care as they can be 
easily scratched and any such mar on the highly polished surface will impare 
its efficiency. Dust on the eye pieces ar objectives should only be removed 
with lens tissue, a camel *s hair brush. Dust inside the eyepiece can be 
gently b]own out. Use lens cleaner (an oil solventT) sparingly on a lens 
tissue to remove oil from eyelashes on the eyepieces^ or immersion oil from 
the oil immersion lens. Qui^ckly remove any excess lens 'cfeaner with* a dry 
lens tissue. 

When cleaning the eyepiece be sure and cover the open end with a 
tiss^ue^to- keep out any dust. - 

After use, care must be taken to (1) remove the speciman from the 
stage, (2.) Remove" all or other debris from stage and lens, {3)^;Return 
lenses to low power t^ositron,. f4) Secure any electrical cords around scope, 
(5) Re-center stage (If mechanical), (6) Replace dust cover and store in 
designated cupboard. 



Focusing * ' , ' 

In focusing the dissecting microscope, simply place the speciman 
on the stage-ancl-adjust-^he dis'tance with the focusing knob until the 
speciman is clearly seen. 

Focusing a compound microscope is a bit more difficult since you 
have a series of objectives to work with. To focus for low power (10 x) 
examination, (1) Raise the condenser to top position and. close down diaphram 
to lower tf^B light level to best see the speciman, (2) Swing the~^16 m. 
(10 x) lens into 'position (3) Lower the lens .to just jibove the speciman 
(B & L) or to stop position (A.O.) and focus by raising objective with Vine 
adjustment knob. ^ 

From the. focused low poy/er you can go directly to the high dry 
lens (43 x) with only minor adjpstmenf using the fine knob to, bring the 
speciman into focus. , - . . ^ ^ . ^ ^ 

To moye, however, to the oil immersion lens»(100 x) a drop of 

immersion oil must be placed between the lens and the speciman. The lens 

^ is then lowered to make contact with the oil and^hen the fine adjustmerlt 

knob is^used to focus the speciman. 

^ • * 

The low power lens is primarily used to scan the slide and the 

high-dry for focusing/ protozoa, algae and mold. The oil immersion lens is^- 

used directly for sj:clined bacteria as the low power and high dry do not magnify 

sufficiently .even for ^canning. • • 

* * 

Structure ^ • . ^ ^ - - : ' * * ^ 

In order to best compare the differences in structures is to ^• 
examine the following two diagrams:* 
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PARTS OF THE DISSECTING SCOPE 
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Module No: 



ERIC 



Approx/ Time: 



1 hour 



ftodule Title: 

Basic Laboratory Skills 



Submodule Title: 
Microbiology Skills 



Topic: 

^Aseptic Technique 



Objectives^ 

Upon completion of this module,, the participant should be able to: 

1. Demonstrate aseptic technique in making transfers from bottles and other 
containers us^ing pipets, loops, and needles and forceps. 

2. Identity reasons for aseptic technique in making* transfers; 



Instructional ^ids: ^ 
Laboratory Practttrfe 



Instructional i^foach: 

Lepture 
Discussion 

Demonstration and Supervised Laboratory Practi ce 



References: 



V 



standard Methods for the Examination of Water and Wastewater * 



ss Assignments: 
Complete laboratory assignment 

/• 168 
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Nodule Ho: 



Topic: 

Aseptic Technique 



Instructor Notes: 



1.' Using: 

a. Pi pets 

b . Loops 

c. Needles 

d. Forceps 



4. Include: 

a. Sample collection 

b. Sample di lu^ion 

c. Media transfers ' 

d. Culture transfers 

5. Include: 

a. Weighing dry chemicals 
and biologicals 

b. Use of dirty glassware 

c. Storing and measuring 
solutqs (i.e. distilled 
water) 

t 



Instructor Outline: 




3. 



Discuss and demonstrate the proper .procedures 
for makijig aseptlJc. transfers fyDm: 

a. Dilution blanks to tubes 

b^ Dilution blanks to filtering funnels 

c. I Tubes to' tubes 

d, mher containers using forceps 

Discuss necessity for aseptic technique. 

Describe problems which arise when aseptic 
.technique to actual laboratory procedures. 

Relate aseptic technique to- actual laboratory 
procedures. j 




Explain how routine practice df aseptic technique 
where applicable leads to more awareness of 
contamination i-n other areas. 
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Hodule No: 



Approx, Time: 

1/2 hour^ 



ModuleJitle: 

Basic Laboratory Skills 



Submodule Title: 
Microbiology Skills 



2L 



Topic: 

Microbiblogfcal Sample Collection 



Objectives: ^ . ^ \ 

Upon conpletion of this module, the participant should be able to: 

1. Properly prepare sample bottle and take'a grab sanple from: 

a. A spigDt or tap ! ' • . 

b. An open body of water _ ^ 

2. Identify precautions which must be taken ^before^ during and aftef^ S2\ppling 
to protect sample and reasons for these precautions. 



Instructional Aids: 
Handout:- Microbiological Sample Collection 



^ 9 



/ 



Instructional Approach: 

Lecture 
Discussion 



References: 

V* 

standard Methods for the Examination of l^later and y^asteVater 



7 



Class Assignnients: 
Read handout - 
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Topic: ^ 

Microbiological Sample Qgllettion 



Instructor Notes: 



Handout : Mi crobi ol ogi c-al 
sSafnple Collection 



0^ ^ 



Instructor Outline: 



1- Describe thi proper method jpf preparing a sampTe 
bottle for the collection of microbiological 
^ samples' from:' - 



a. Chlorinated sources 
b* Unjchlorinated sources 

) V 

2. Desc^'ibe areas where error is likely ^to ocQur 
and the effect on the final result* 

V 

Describe the proper procedure- fojr^obfairiing 'a 
grab sample from^a spigot or tap and *an open 
body of wajer. , • 

^4. Discuss*^ample protection and -preservation* 



"4 _ . 
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MICROBIOLOGICAL SAMPLE COLLECTION 

I. Preparation of Sainpling Equipment " " 
A. Sample-'bottles must be: , 

L At least 100 ml capacity with a large neck opening. 

2. ' Thoroughly cleaned with detergent, rinsed 6 times in hot tap . 

water, rinsed finally in distilled deionized water, then air dried. 

3. Free from spots, scum, chips, cracks, excessive ^cratches and .other 
damage on v/Jjnch bacteria may lodge. 

4. Closed with preferably an all glass ground cap closure (but screw 
caps can be used providing liners are free from contamination and 
provide a non-leaking seal. 

5. Sterilized in an autoclave at 121° C. for 15 min. with Kraft paper 
or tin foil hood covering caps and necks of bottles and slip of 
papef- between bottleneck and glass' stopper to prevent glass stopper 
firom sticking! 

^^B-. Bottles intended for use in collection of chlorinated samples must have 
, a 10% sodium thiosulfate solutioJ added at the>ate of 0.1 ml for each 
4 oz. bottle prior to sterilization and sterilized in bottle. . 

C. Labels must be: . j 

1. Clean and unused ^ ^ ^ 

2. Attached to bottle by a means not affected by water (i.e* string 
or wire.) 

D. Label markers must be: ^ . 
. 1. Permanent type not affected by water 

Able to mark on label 
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E\ Sampling devices must be in working condition and properly maintained. 
F. Germicide must be available* to clean up spills but must not cpjne in ^ 

contact with sample or any equipment touched by sample. 
6.% Rubber gloves tnust 'fit and not be punctured. 
H. Ice chest for tr^ans porting sample must be: • , 

1. Sufficient size to accommodate all samples , . 

2. Undamaged with tight cover so cold temperature can -be maintained 
inside. • • , 

'3* Filled with enough ice fo quickly ehi 11 sample but little or ho* 
^r' ^ free water. , ^ 

I; Refrigerator must be set at 2 - 10^ C. and used if samples are not 

r examined upon immediate return to lab. | , 
Collection of Sample 

^. To take sample /rom spigot or tap: - 

1. ' Find spigbt with direct main connection ' 

> ' ' ' . 

2. put on rubber gloves 

3. Flush spigot at full flow for 2 - 3 mi n. to clear service line 

4. If right^anded, hold sample bottle near bottom i^'th right hand and 
• remove closure and paper hood with left hand (reverse if left 

I . handed)^. DO NOT LAY CLOSUR'E DOWN. Hold in such a way to" protect 

closure and bottle from contamination* ^ ' 
. 5., Allow slip, of paper between closure and bottle neck to fall to 

floor. • , . . 

6. Thrust bottle into flowing water and allow bottle' tcTfill about 
< " 3/4ths full. DO NOT RINSE, especially if- bottle contai ns '^sodi um 

thiosulfate to^fieutralize chlorine in sample. ' ' - 
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♦ 7. ^Carefully repTace closure and hood and secure. ^ * ; 

8. Label bottle and place on ice in ice chest for transportation to 
laboratory.' ^ 
B. To sample river, stream, lake, etc. 
^ 1. Put on rubber gloves. ' - . " . . ^ 

2. If right' handed, hold sample bottle near bottom v/ith right hand 
and remove x:losure and p^per hood with left hand (reverse if 
left handed). dS^OT LAY CLOSURE DOWN. Hold in-such a way to 
protect closure and bottle from contamination. 

3. Allow paper strip between and bottle to fall to ground. 

4. 'To fill sample bottle ^ 

a. Turn bottle neck opening down and plunge below surface of 
water quickly to prevent dechlorinatiag agent from running ^ 

• * out. 

b. Turn upward to face bottle opening into current to avoid 
contamination of water flowing into bottle with samplers 
hand. i - 

c. . Allow to fill to about 3/4 full. DO NOT OVERFILL especially 

if bottle contains a dechlorinating agent.- 

d. Lift quickly out of water and replace closure and hood. 
'S^^Label bottle and*place on ice chest for transportation to ' ♦ 

- ^klaboratory. 
II. Comnon^Trors and^Affect on Results 



•A. No dechlorinating agent in tJottle. Chlorine activity continues until 
I 

sampile tested so^bacteria continue to die and qoliform determination 

\ ' • 

gives^ount whfch is lower than actual. - 

• A , 174 " 



B. Sample not chilled when taken. Bacteria continue to multiply, so 
" * cQlifonn determination gives count which is higher than actual. 

C. Bottle or closure contamirtated. ^ Extra bacteria introduced, s'o 
col i form determination may give c6unt which is, higher than actual. 

IJ. , Sample not examined within 6 hrs. of collection. Bacteria will begi 
. . to die, so coliform determination wi 11 give counts which are lower , 
than actual . • , , ' ^ 



r 



r 
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Module No: 



Approx. Time; 
: 1/2 hour 



Module Title: 

Basic Laboratory Skills 



Submodule Title: 

Microbiology Skills 



Topic: 

Microbiological Dilution Technique^ 



Obje^ves: 



Upon completion of this module, the participant should be able to: ^ 

1. Depionstrate the ability to aseptically prepare a serial dilution of a 
sample., given all necessary equipment* and refereYice jnaterial . 

2. Identify precautions which must be taken to prevent/contami nation at each 
point of the dilution series. , * ' 



Instructional Aids: / ' . v . 

Handout^ Microbiological .Dilution Techniques 

Labora,tory Practice * * ^ . 



InstrtiCtionJil Approach: 

'* * 

Lecture 
Discussion 

Xtemanstratitfn and laboratory 'practice 



References; v. ' / 

Standard Methods for the Examination of water and Wastewater 



Class Assignritcnts: 



Complete Ijlboratory assignment * 
Readliandout ^ a. 
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Mojjule I^:^ 


Topit: 






Microbiological Dilution Techniques ' ' - » 


Instructor Notes: 


.instructor Out/lne: . \ . • 

• 


.Handout: Microbiological Dilu 


:ion Jechniques. , <i 




\ 




1. Emphasize: 

a.^ Aseptic technique 


1. Discuss and demonstrate the proper technique „ 
for aseptically preparing a serial dilution for 
microbiological analysis. 


' Precision and accuracy 








2, , Discuss the equipment needed for preparing 
serial dilutions.' 




* s ' ■ 


3. Discuss areas where error is most likely and 
^ the effect of errors on results. • 

s • 


; 

t 

\ 


1 
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MICROBIOLOGICAL SAMPLE DILUTION (Serial Type Dnut>6ii^) 



1 ml 




1 ml, 



0.1 ml." 

i 

'Y 

J2.1' ml. ^ 
(lOrl) 



1:100 dilution 



1 ml. 



0.01 ml 
•('l0-2) . , 



/ 99 mis. \ 




Steri le 




Distilled 




Buffered 




\ Wfiiter / 






1:1000 crtlution 



0.1 ml. 

0.001. ml. 
.(10-3) 



1 mi; 



0.0001 ml 



(10-4) 



A. ^ Use Aseptic Technique -throughout P^ceduri 

B. "Place 0.1 ml sample , into culture ^ube^f or 0.1 ml diTution 
t. For 0.01 )nt sample .volume . • 

^1. Place 1 ml sample into ml dilution^lank 
^ 2. Shake vigorously 25 times in an arc of \2f^ 
3. Tml of this .1:100 dilution represents {J.Ol.ml of original ^Sample' 
D. For O.OOi ml samplVxVolume *dfel-iver 0.1 ml from 1:100 (lilution into the 



culture tube? 



( 



4 


' 1 — ' ; 2 

m " * 


• 
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/ 

E. For 0:0001 ml sarople volume^ . ^ 
• 1. Place 1 ml of the 1:100 d^il ution into a fresh 99 ml dilution blank. 




1\ ^ Shake vigorously 25 times in an arc of 12" - • * 
3- 1 ml of this 1:10,000 dilution represents 0.0001 ml original sample 

volume.' . . f ^ 
F. For^.pOOOl ml sample volume deliver 0.1 ml from the 1:10,000 dilution 
^'nto the culture tube. , ' 
Precautions f 
^ 'Al All volume measurement must be accurate / ' ' ' 
^B.' Any measuremjeat error will be' compounded Iti later steps 


r 

* 

* 


C. Transfer sample volumes aseptically because^any contamination wil 1 be 
carried through entij^ process. ' ^ 


* < 


> 


* 




• * 




• 
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Module No: 



Af^prox. Time: 
Thour *^ 



Module Title: 
Basic Lab SkiTIs 



Submodule Title f 
General Skills - 



EVALUATION - Part A 



Objectives: 

Upon comple/tion bf thfs module; the participant, s'hould be able to corp 
75%"of the following evaluation questions. • ^ 

Evaluation ^Questions/ ' j^. • 

Answer the foTlowjng questions by 'choosing- the best answer or filling in the blanks. 
1. Goggles are worn to 




answer 



_a. Protect the eyes 



J). Protect Ihe han.ds 
j:. Protect the lungs 



_d. Protect the feet 




When diluting an acid 'with water' > 

^a. Alway^ add the water^o the acid 

Lb.» Mix alternately in a third beaker 

^c. Always add the acid to the water* 

^d. Heat on a hot plate 



i hot pi 



\ 



3. . Broken glassware 

a. - Can be used if ^ou are careful 

ly disposed of in the proper waste can< 
c. 'Wrapped with el^cfrical tape befqre using 



_d. Handled with tongs, or asbestos gloves 



4, Laboratory notebook entries should ^e: ^ • . 

a. Recorded ball point pen 

*\ 

b. Recorded on the day the work was done 

c. In cronolo'gical order 

' /ISO, ' 



-d. All of the above 



5. Why must all containers be properly labeled? 

a* To identify contents 

b/ Jo prevent accidents by misuse 



6. A ge 
a. 



c/ ' Both a and b 

Containers are* not labeled 

format for labeling reagent bottles includes: 



neral forma 



.c. 



A general format for labeling sample bot/les includes: 

a. Sample site, time and date 

b. Sample site and samplers name only 



_c. Sample type, f)resei^vation fhethod, sampler 
d. Both a and c > ^ 



8.. What does CAP represent in sampling? 

___a. Cleanliness,' accuracy, (Treservation 



_b. Caution - Animal preserve 
_c.^^ Clean ^ apprdpri ate packagilig 



_d« * Careful and precise 




Grab samples are , * * 

^a. Jhe same as composite samples . ^ , 

b.' Taken at'a speciJLic tim.e with no reg^Vd to flow rate 



_c. Repnesentative oflihe sewage over a period of tirpe 



Of no value in water or wastewater evaluation 
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10. What 3 things does sample preservation retard?^ • 
a- i 



~~1 



c. 



IJ. Identify: . . * \ k ^ 

a. An &r^ynmyexi flask ' ^ ' ' 

b. 2 liter vol\jmetric flask 

c. A. 500 ml tjeaker 

d. A watch g"tess ' » * - . 

e. A gooch crucible ^ ^ 
12. ^ Match / . ^ V 

_ a.' Water ' , ' • ' * 1. Cat! 

b. Sulfuric acid 2. Na 



2 



> ^c. Calcium chloride ' . 3. C , 

( \ ■ 

^\ , d . X Sodium • 4. H2O 

* -J'e: Carbon '5. H2SO4 

— — ** . \ ^ . . ^ 

13. As temperature increases.) what happen^s to th« volume of a liquid with 
respect to weight?* • ^ , 

' J a :^ It decreases ^ ' * ; 

b. .^othing c. ' ' < ly 



V 



c. It increases * , - \ 



_d. Jt^ turns' to a solid 



14.* ^ Hydroscopic' chemicals . . * ^ 

, jS. Pick up water from the atmosphere / 

• b . Are always b.Tue in color , ^ 



c. \ Should be stored in»a desicator * 

d. Both a and c are correct 182 • -\ 
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15. What is the concentration in the following solutions: 

a. .1 gram CaCl dissolved in 1 liter of water gives a concentration' 
af mg/l CaCl . . ' * 

b* 10 grams of peptone dissolved in 100 grams of water gives a 
concentrarti on of p^cent peptone, 

\16: How much actual samp^le does 0.1 ml- of the 1:100 dilution represent? 

. * a/ .1 ml 'p ' s * 



\ 



\ 
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b. .01 ml 



c.^ ,001 ml 



d. .0001 mV 



17. What is an incubator used for?- 

J 

\ ' Va. Drying chemicals- 



^ b.^ Storming reagents. 

^c.'. Growing bacteria " 

^d. Preserving samples 

e* Ki lrkig4)acteri a^ 



18. When instal l.ing^an incubator, care must betaken to: 
\ "a ^ Install in a vibration free arfea 



b. install in direct sunlight 



c. Keep- a pan of ^dry-cite in. the bottom of the incubator 



d; AlY olf the above 



^9. ^Weigh g-iven object on triple beam balance (with range* o| 1 t lOO.gK 
20; 'Weigfi given object, on 'an analytical bal^n.ce. 




Nodule Ho: ' 



Topic: 

EVALUATION - Part A 



Instructor Notes/: 



Answers: . 



1. 






2. 


c 




3. 


^ b 


• 


4. 


d 




5. 


*^c 




6. 


a. 


Chemical name 




b. 


Symbol - 








c. 


Concentration 




d.^ 


Uate prepared 




e: 


Prepared by 


.7. 


d 




8. 


a ' 




9. 


b* 


• 


10. 


a; 


Biological action 




b. 


Ch.emital change 


» 


c. 


Volatility* 


H. 


a. 


Erlynmeyer flask 




bT 


Vqlumetric flask 




c. 


-* 

Beaker 


)■ 


d. 


Watch glass 




e. 


Gboch crucible 



r 



Instructor Outline: 




Upon- completion of the General Skills module the 
instructor shall give the participant evaluation ^ 
Part A to corrplete. ; . 



11. In^lTructor sfrall provide a/ variety of glassware 
from which the student mus't choose the correct 
i tems . 
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JS^^ Topic; ' 

} EVALUATION - Part A 



Instructor Notes';- 



Instructor Outline; 



12. 

i 

13. 
14. 
15. 

161 
17. 
18. 
19. 
20. 



a. 4 

/ • 

b. 5_. 

c. ' 1 

d. 2 . ' • 

e. 3 
c 

d 

a. 100 "■ 

b. 10 

c . , ' 
c 

a • , 

Result sh^n be ± 0.1 gram ■ 
Result' shall be ± 0.002 graifi 



'-a 



19 & 20. Instructor shall provide weights 



\ 



( 
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Module No: 



Approx. Time: 



1 hour 



Module Title: 
Basic Lab Ski 11s- 



Submodule Title: 
Chemistry Skills ^ 



EVALUATION - Part B 



Objectives: 



Upon' completion of this modble the participant should be able to correctly answer 
75% of the following evaluation, questions. 



Evaluation Questions 



/ 



Choose the best answer 

1. Accuracy is a measure of how close your answer is to the true answer. 

. a. True^ 

b. False 



2* Most'forms of volumetric analysis include some forgi of color measurement. 



,d. Tru^K^* 



X 



b. False 



\ 



3. ,Prefision and accuracy mearj the sani§ thing. 

^a. True 

b. False s • • \ 



, 4. ' All ''forms^of volumetric analysis include^ a titration. 
* ^ a. Jrue . ' 



False 



.5. . Rate in order of increasing accuracy. 
l_ ^a., 250 ^nl erlynmeyer 



J). ^250cml volumetri ci'fla^^k 



ju • 250 ml graduated cylinder 



186 ' 
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6. Rate in order of i-ncreasing accuracy, 

a. 10' ml mohr pi pet 

b. 10 ml volumetri'c pi pet' 



. f 



c. 10 ml beaker 



_d. 10 ml graduated- cylinder 



Volumetric flasks are calibrated to contain 

.a, * True . . ' * , 

b. False 



/ ! 



8. -A 100 ml volumetric pipet and a 100 ml volumettyc flask have, 
accuracy and may be used interchangeable. . ■ 



J " ' 
fhe sai 



ame 



True 



b. False 



9-^ A graduated cylinder may be^calibrated to deliver' or to contain. 

a. True 

b. False 



10. 'Given the normality ajid volume of a solution and the volume of a second 
neutralizing solution may be calculated. 



a. True 



c- 

I 



J ^. False , ; • , 

11. Given the .equivalent weight of a dissolved chemical and the volume that 
it is dissolved in, the normality of the solutton can be calculated.,,^ 

a. True . 



b. False 



12.' Ad^orbance is inversely proportiqnal transmittance. 

] a. True • ' \ 

^b. F^lse • 
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13* The concentration of^a colored solution is directly proportional to: 
a* Its transmittance 



Its absorb an ce 



c. Both a and b 
— $ 



d. Neither a nor b 



14. Adsorbance or transmittance of a sample is not affected by: 

a. Turbidity 

b. Diameter of sample tube 

^c. Amount of samole in tube - - / , • 



jd. Typ^ of sample tube 



15. A standard curve is used to convert acfeorbance or transmittance readings 
'toxoncentrafion. . • 

a,* True * ^ . ' . ^ • 



b. ■ False 



16* A standard curve may be made on any type of graph paper. 

a. True • ^ 

b. False ' - . • ' - 

17. To obtain a straight line plot in coloram^tric analysis from a series 

ot transmjttance/concentration. values graph paper must be 

used. ^ ■ 



_a. ^Log-log 
J). Semi -log 



> 



c. ' Linear 



1^. Indicate which^of the following are EPA appK^oved .standard references. 
a . Standard Methods., 14th Edition 

b. Methods for chemical analysis of wastewater, EPA.^ 

■ c - Simplified Methods for Wastewater Analysis » WPCF 

188' ■ 
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_^d. Simplified Methods for Water Analysis^ AWWA.. 
e. ASTM Methods, Part 31 * 



19, 



Chranges in Standard Methods are official only when published in, the' 
federal register. ' / / . 



a. True 



h. False 



-20, 



Order the following list of equipment using the model^ order f-onti and 
the. laboratory supply catalog provided by the instructor, ^ 



a, 
b. 
c, 
d. 
6, 



400 sterile, disposable, glass, single wrapped,' lO'inl *ptpets 
3-lOQp^ml class A, glass stoppered volumetric flasks 

24 milk dilution blanks with screw\caps and 99 ml markings 

♦ IP ^* , ^ « 

"12-250 ml griffin beakers - hea>#ffejf^ ' 
5 large, tip mohr pipets 



ERIC 



Supplier: * ^ 

- ■ ■ ■ ' ■ ■ . ■. '\ 


3uar>tity 


(^talog 
Number 


J 1 

Description • > 


Unit 
Pri ce 


Total 
Pri ce 






✓ 


















Jx 




















■ 7Z i 









18; 
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Mbdule'Wo': 

/ : » . • 



Topic: 
, EVALUATION - Part B 



Instructor Notes: 



Answers: rV.r.S >v - '^X-^* ^ 



3. -b 

4. a 

5. a. 1 

b.. 3 ^ . 
v.* v. 2. 
>-6'^^-a.^3 ^ • 

,.-br-\.. 

'^c. 1 . 

4 

9. a 



10. 

14^ 



a 
b 



,12. b 
13. b 
14. 
15. 
•16. 



17. b 

18; a, b, & e 



ERIC 19. a 



Instructor Outline: 



4 



It 

Module Ho: 



' \ 

Topic: 

EVALUATION - Part B ^ 
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Instructor Notes 



20. 



The form shall be 
completed correctly with 
respect to: 

-a. 'Qpantity 

b. Catalog number " 

c. >i3escription 

d. Pric6 

e. SupplierTrame and / 
address 



Instr\ictor Outline: 

\ 



T 



20. 



ThV instructor shall provide the laborat 
dal^ehlog pf his choice providing all gla 
listed is available from that suppliers 
instructor shall also develop answer ke 
that catalog. , . . 
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bdu1e No: 



Approx. Time: 
^ hour ' 



Module Title: 
Basic Lab SMllr 



Submodule Title: 

V 

Microbiology Skills 



EVALUATION - Part C 



Objectives: . 

Upon completion of this module, the participant should be'able to correctly'answer 
75% of the following ^valuation questions: 



ERJC 



Evaluation Questions 



Answer the followin.g questions by choosing the best answer. 
L What i? the major purpose of a disinfectant? 
^a. To pick up dust with 

^ b. To lower the number of viable organisms on a surface. 



_c. To wash glassware in 



d. To 



2. Kraft paper is used for packaging equipment for hot oven sterilization, 

^a. True - ' * - - 

b. False 

• # 

3. Only distilled water is used for preparatitj^n of microbiological growth media. 

a .^ Jrue 



b. False 



4. The balance used to v^eigh rfiicrobiological media and reagents must: 
» a .* HaVe a 0.5 gram accuracy at a 150 '§ram^oad\ 
b: Have a Lg)*^m accuracy at a. 200 gram load 



_c. Be an analytical balance 



An autoclave has the capability of exploding while operating. 

a, 

— I 

b. False 



True 

4 
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An autoclave may be loaded to a maximum of: 

, a. 100% capacity 

J).. 40% capacity 



_^c. 80% capacity 



jd. 30% capa-city 



Liquids are always sterilized in a 

^. Sterilizing oven 

^b. Steam sterilizer (Autoclave) 



Nonrial sterilization cycle in a sterilizing oven is 

J a: 15 min. at 170° C.^ / ' . 

: ^b. 1 hour at 121^ C. 

* ^c. 15 min. at 121° C. ' 



d. 1 hour" at 170° C, 



To remove dust from a microscope lens do not use: 

^a. A lens tissue 

_b. A camel's hair brush 

c. A clean handkerchief 



_d. A quick blow of clean air 



Microscopes may be carried one in each hand. 

^a . True 

b. False ^ 



Unsterile pipets.may be used in making aseptic transfers 
a. ' True / 



h. False 

^ 193 
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12. 



Why is a sarnple tap fUmed with a propane torch?" 
a. To incinerate the bacteria ^ 

f * » 

b/ To burn off chemical con|:aminants 

___c. Sarrple taps are hot flamed 
* ^d. To melt plastic seals 



v 



13. 



^What is the dechlorinating '.agent used in samples collected for 
' microbiological testing? » * ' * 



a . Sodi ura .hydroxide 
J). Potassium phospha^te 
c. Sodium thiosulfate 



14. 



What is the type of dilutidki used in microbiological sample dilution, 

^a. Paral lei 

^ b. Serial 



►15. 



Identify the following parts of a microscope on the microscope provided 
by the instructor. 



A- 
b. 

c. 

d. 



tye piece 

Oil inversion lens 
Course adjustment 



Stage * ' 

e. Condenser , - * 

'f. Light g^ource 

16. Make an ciseptic transfer using the equipipent provided by the instructor. 
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Module No: 



£VALUATIt)N Part B " 



Instructor Notes: 



■ Answers: ' 
1. b 

2.. b ' * ♦ -.^ 

3. a 

4. a 
'■5. a 

« 

6. c 
7.. b 
-8. d 
.9. c 

10. b 

11. b • 

12. a 
13.7 c 

14. b . . 

15. a. eye" piece 

b. oil inrner'sion lens - 

c. ' coursq adjustment ■ 

d. stage 

e. condenser 

f. light sourcfe 

16. c. Performance acceptable to 

instructor 

\ 

\ ' * 

\ . **•«• 

' \ * 



i 



Instructor Outline; 



Upon conpletion of the Mi crobi 61 ogicaf Skills ' • 
module the instructor shall give the participant 
Evaluation Part C to complete.' 



■ \ 



15. .-The instructor shall -p-ro'vide a microscope 
from which the students Shall identify the 
parts given. . ' , " 



16. The' instructor 'shall provide ':all the 'necessary'! 
qquipment for- proper aseptic transfer of a - I 
• samp.ley , ' ■ . • ^ 'I 

■195 ; ■ ^ " 



